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The  accompanying  Star  map,  title  page  and  indexes,  completes  Vol.  I  of  Popular 
Astronomy. 


About  one-fourth  of  the  subscribers  to  the  first  volume  have  responded  to  the  early 
request  made  respecting  continuance  and  increase  of  support.  Some  have  renewed, 
and  sent  in  new  names  also. 

The  Poole  Star  Maps,  and  Professor  Upton's  splendid  articles  on  Constellation 
Study,  are  alone  worth  the  price  of  Volvmies  1  and  II.     These  excellent  helps  fo> 
teachers  of  Elementary  Astronomy  can  now  be  procured  at  I2.50  per  volume, 
pamphlet  form.    They  should  be  ordered  early,  for  teachers*  reference,  and  the  Hi^n 
School  library. 

It  is  especially  requested  of  all  subscribers,  who  have  not  already  done  so,  that  they 
promptly  inform  the  publisher  of  this  mag^ine  if  they  desire  its  continuance  for 
Volume  II.,  that  its  September  number  may  be  mailed  to  all  by  the  20th  0/ August 

Poole  Brothers,  of  Chicago,  the  publishers  of  Poole  Brothers*  Celestial  Planisphere 
and  Handbook,  wiU  soon  bring  out  a  new,  large  Map  of  the  Moon.  Some  notice  of  this 
was  given  in  our  June  issue.  As  the  work  progresses,  under  the  skillful  hand  of 
Mr.  Colas,  we  have  become  more  and  more  interested  in  it,  and  have  spent  much  time 
in  examining  its  details,  compared  with  those  given  by  the  standard  authors.  They 
are  very  accurate 

In  binding  Volume  1,  the  accompanying  Star  Map  should  be  placed  immediately 
after  the  one  in  the  June  number  for  July  15,  and  the  index  by  months  should  follow 
title  page,  and  the  general  index  be  placed  at  the  end  of  the  volume. 

The  coming  year  may  be  one  of  large  results,  for  those  who  want  to  advance  in  the 
study  of  Astronomy,  if  such  students  are  willing  and  anxious  to  work  for  it.  We  call 
attention,  again,  to  the  great  advantage  of  associated  study,  in  some  particular  line,  if 
no  other  or  better  plan  can  be  devised.  Three  or  four  persons,  formed  into  a  class, 
with  a  persistent  purpose,  can  accomplish  surprising  things,  by  self-instruction  in 
evening  hours,  without  the  apparent  loss  of  valuable  time.  How  much  better  is  it  to 
use  some  evenings  in  this  way,  than  to  devote  so  much  time,  as  many  people  do,  to 
Society, 

It  is  in  our  plan  to  give  soon  some  hints  on  courses  of  reading.  This  would  have 
been  done  earlier,  but  for  the  want  of  space.  The  many  interesting  themes  that  have 
crowded  upon  us  during  the  last  year,  have  made  it  hard  to  keep  up  a  useful  variety 
and  still  be  thorough,  elemental,  and  up  to  the  latest  knowledge  in  it  all.  We  believe 
we  can  do  better  in  the  year  to  come. 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


> 
o 
o 

H 
c/) 

< 


O 


H 

a4 


Digitized  by 


Google 


Popular  Astronomy. 

Vol.  I.  SEPTEMBER,  1893.  No.  1 


CONSTEI^I^ATION  STUDY. 


WINSLOW  UPTON.* 


INTRODUCTORY. 

The  study  of  the  constellations  forms  a  very  attractive  part  of 
a  popular  course  in  Astronomy.  Few  persons  can  look  at  the 
stars  attentively  without  forming  figures  among  them  which 
are  ever  afterward  associated  with  the  stars  thus  grouped.  The 
figures  are  frequently  geometrical,  such  as  triangles  or  quadrilat- 
erals, or  sometimes  they  are  made  up  of  groups  oi  neighboring 
stars  which  form  no  special  shape  but  which  seem  to  be  associ- 
ated together.  It  is  generally  known  that  the  ancient  astrono- 
mers classified  the  stars  in  this  way,  and  that  their  classification 
is  still  in  use  in  modem  times.  The  student  therefore  wisely  de- 
sires to  make  his  groupings  accord  with  those  sanctioned  by  tra- 
dition and  accepted  by  the  astronomers  of  to-day,  though  he  may 
not  know  just  what  use  is  made  of  them  in  modem  science. 

The  study  of  the  constelliations  is  too  often  attempted  in  a  des- 
ultory manner.  A  few  figures  are  traced  and  learned  when  in 
certain  parts  of  the  sky,  or  when  seen  in  the  direction  of  certain 
terrestrial  objects,  and  they  are  not  recognized  under  other  con- 
ditions.  Even  the  conspicuous  "Dipper,"  which  is  so  generally 
recognized  when  low  *in  the  northwest,  is  a  far  less  familiar  group 
when  seen  inverted  and  nearly  overhead.  It  is  quite  possible  for 
any  one,  who  will  pursue  the  subject  faithfully  and  systematic 
caUy,  to  master  the  leading  configurations  so  that  they  will  al- 
ways be  recognized,  no  matter  at  what  time  of  year  or  in  what 
part  of  the  sky  they  may  be  observed ;  and  an  intelligent  follow- 
ing of  the  leading  groups  in  their  apparently  changing  positions 
for  a  few  hours  of  some  night  and  for  a  few  months  in  the  year, 
will  give  a  very  clear  idea  of  the  effect  which  the  earth's  rcTta-' 
tion  on  its  axis  and  its  revolution  about  the  sun  produce  upon 
the  apparent  position  of  the  stars. 

It  is  the  design  of  this  series  of  articles  to  aid  in  a  systematic 
studv  of  the  constellations.    At  the  outset  a  classification  will  be 


•  Director  of  Ladd  Obtervatory,  Brown  Uaivcrsity,  Providence,  R.  1. 


Digitized  by 


Google 


Constellation  Study. 


given  which  will  arrange  the  groaps  in  an  orderly  way,  and  in  a 
manner  in  close  accord  with  the  more  modem  system  of  designat- 
ing the  position  of  stars.  Then  suggestions  will  be  offered  for 
taking  up  the  study  in  detail,  by  a  progressive  method  designed 
to  give  a  good  knowledge  of  the  constellations  in  their  leading 
characteristics,  and  which  can  be  continued  to  a  more  minute  ac- 
quaintance with  them  as  desired. 

But  before  entering  upon  this  subject,  there  are  a  number  of  pre- 
liminary statements  which  ought  to  be  made,  regarding  the  his- 
tory of  the  classification  and  its  present  use  by  astronomers.  In 
this  way  perhaps  a  clearer  idea  will  be  given  of  the  place  of  con- 
stellation study  in  any  scheme  of  instruction  in  Astronomy.  For^ 
if  the  truth  is  candidly  spoken,  this  classification  of  the  stars, 
while  interesting  historically,  is  of  very  minor  importance  in  the 
science  of  Astronomy.  Many  professional  astronomers  do  not 
use  it  at  all,  and  would  prefer  that  the  system  should  become 
obsolete  in  whole,  as  it  already  is  in  part.  The  system  is  used 
wholly  as  a  rough  means  of  identifying  certain  of  the  brighter 
stars,  and  of  forming  certain  grand  divisions  of  the  sky,  much  as 
a  country  is  divided  into  states  or  provinces.  Even  this  terri- 
torial subdivision  is  not  as  important  as  might  first  appear,  for 
the  system  of  designating  stars  by  their  positions,  on  the  same 
general  plan  as  places  on  the  earth  are  designated  by  their  lati- 
tudes and  longitudes  is  more  satisfactory  as  well  as  more  ac- 
curate. But  while  a  minor  part  of  the  science  of  to-day,  it  still 
has  a  place  in  it,  and  it  possesses  certain  features  which  make 
it  a  profitable  study,  if  not  one  of  the  highest  importance. 

The  division  of  the  sky  into  constellations  is  prehistoric ;  it 
seems  to  be  the  oldest  part  of  that  science  which  was  studied  in 
ancient  Chaldea  and  Egypt,  received  and  enlarged  by  the  Greeks,, 
and  transmitted  to  us  by  the  Arabians  and  the  monastic  schol- 
ars of  the  Middle  Ages.  The  design  of  the  classification  was,  we 
may  believe,  primarily,  for  identifying  the  stars,  but  it  received 
its  plan  from  association  with  the  poetry  and  astrology  of  that 
time.  Poetry  gave  the  names  to  many  of  the  groups,  and  al- 
lowed the  fancy  to  pass  beyond  the  geometrical  shapes  to  imag- 
inary figures  of  animals  or  other  creatures,  of  which  the  stellar 
groups  formed,  as  it  were,  the  skeletons.  Astrology  determined 
some  of  the  grosser  subdivisions,  such  as  the  twelve  parts  of  the 
zodiac,  and  gave  a  motive  to  the  science,  by  requiring  close  obser- 
vation in  order  to  determine  the  subtle  effects  upon  mankind 
which  the  several  groups  exercised.  Our  earliest  predse  knowl- 
edge of  the  classification  is  in.  the  catalogue  of  the  Greek  astron- 
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omer  Ptolemy,  in  the  second  century  of  our  era.  In  this  cata- 
logue* are  given  1028  stars,  including  most  of  the  brighter  stars 
Tisible  in  northern  latitudes.  They  are  classified  in  forty-eight 
constellations,  which  are  all  given  upon  modem  star  maps, 
though  in  a  few  instances  the  names  have  been  changed.  The 
positions  of  the  stars  are  given  by  their  celestial  latitudes  and 
longitudes,  which  is  the  b^inning  of  this  satisfactory  method  of 
designating  their  places.  Each-star  is  named  by  its  position  in 
the  figure  supposed  to  include  the  stars  of  the  group.  Thus  the 
Constellation  Draco  contains  thirty-one  stars  which  are  named 
" The  star  upon  the  tongue,"  "  the  star  in  the  mouth,"  "the  star 
above  the  eye,"  "the  star  upon  the  cheek,"  "the  star  above  the 
head,"  etc.  This  method  of  naming  the  stars  continued  in  use 
until  the  eighteenth  century,  though  it  was  gradually  supplanted 
by  the  system  proposed  in  the  seventeenth  century,  in  which  a 
letter  or  a  number  with  the  Latin  genitive  of  the  constellation 
was  used  instead  of  the  long  phrase.  Thus  the  stars  in  Draco 
mentioned  above  are  now  designated  as  /i,  v,  /3,  S  and  y  Draconis 
respectively. 

A  curious  fact  regarding  the  early  division  of  the  sky  into  con- 
stellations  is  that  no  attempt  was  made  to  include  all  the  visible 
stars  in  the  constellations.  Apparently  it  was  not  intended  that 
this  should  be  a  method  of  subdividing  the  visible  heavens  into 
districts,  but  only  certain  conspicuous  groups  were  singled  out, 
and  gaps  left  between  them.  In  Ptolemy's  catalogue,  102  stars 
are  given,  which  do  not  belong  to  any  constellation;  among 
these  unclassified  stars  is  the  l>rilliant  star  Arcturus  which  is 
placed  near,  but  not  within,  the  constellation  Bodtes. 

Our  knowledge  of  the  artificial  figures  surrounding  the  stellar 
groups  is  obtained  from  the  designations  of  the  stars  themselves. 
It  is  possible  to  reproduce  thereby  the  outlines  of  the  figures 
with  approximate  accuracy,  but  the  details  of  the  figures  cannot 
be  given.  In  some  cases  the  stars  are  not  sufficiently  numerous 
to  allow  the  figure  to  be  drawn,  as  in  the  case  of  the  constellation 
Canis  Minor  in  which  but  two  stars  are  given ;  and  in  every  case 
there  is  ample  room  for  an  imaginative  artist  to  exercise  his  tal- 
ent. It  is  probable  too  that  there  was  no  general  agreement  as 
to  the  groups  themselves,  not  to  mention  the  figures  drawn 
about  them,  and  if  other  of  the  early  writings  than  Ptolemy's 
had  been  preserved,  we  should  undoubtedly  find  many  unexpected 
divergencies.    Ptolemy's  classification  was  made  the  basis  of  the 


Baily's  translation  in  Memoirs,  R.  A.  S.,  vol.  Xin. 
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subsequent  classifications  of  mediaeval  astronomers,  and  was  ma- 
terially enlarged  by  the  addition  of  new  groups,  to  fill  in  the  gaps 
between  those  he  gives.  Occasional  discrepancies  are  to  be  ex- 
pected here  also,  and  it  is  only  by  the  arbitrary  adoption  of  some 
one  arrangement  as  authoritative,  just  as  Ptolemy's  had  been 
adopted  before,  that  a  recognized  system  can  be  obtained.  An  in- 
teresting example  of  the  uncertainty  in  drawing  the  outline 
figures  may  be  found  in  the  Atlas  of  Argelander,  which  is  consid- 
ered the  standard  authority  for  the  northern  heavens  to-day. 
The  constellation  Bootes  appears  on  two  plates ;  in  the  one  the 
figure  of  the  hunter  faces  the  west  and  his  right  arm  holds  the 
leashes  of  the  hunting  dogs  which  form  the  next  constellation;  in 
the  other  the  figure  faces  the  east,  and  the  raise;|i  hand  (in  this 
position  the  left  hand)  holds  a  sickle,  while  the  right  hand,  which 
is  not  shown  in  the  other  position,  carries  a  shepherd's  staff. 
The  latter,  it  may  be  said,  accords  more  nearly  with  the  descrip- 
tions of  the  ancient  catalogues,  but  the  former  is  equally  possi- 
ble if,  as  is  done  in  some  atlases,  the  left  arm  rather  than  the 
right  holds  the  leashes. 

The  defect  in  the  ancient  system,  that  the  constellations  did  not 
cover  the  whole  sky,  was  remedied  by  the  addition  of  new  con- 
stellations in  the  intervening  spaces.  As  an  example,  the  constel- 
lation Canes  Venatici  was  added  by  Hevelius  in  the  seventeenth 
century,  to  fill  the  gap  between  Bdotes  and  Ursa  Major.  In  so 
doing  he  built  upon  the  traditional  story  of  the  former  constel- 
lation, which  was  sometimes  called  the  Bear  Driver  because  it 
follows  the  Bear  in  its  daily  movement,  and  added  hunting  dogs. 
To  these  was  due  the  change  in  drawing  the  figure  mentioned 
above.  But  unfortunately  the  astronomers  who  engaged  in 
this  work  did  not  work  together,  nor  did  the  later  astrono- 
mers adopt  the  suggestions  of  their  predecessors.  In  the  seven- 
teenth and  eighteenth  centuries  more  than  sixty  new  constella- 
tions were  added,  filling  the  gaps  in  the  northern  sky  a^d 
continuing  the  system  to  the  southern  pole.  Not  all  of  these 
commended  themselves  to  later  astronomers,  and  as  there  was 
no  authoritative  body  to  decide  such  matters,  and  is  none  to- 
day, it  is  impossible  for  any  one  to  state  the  exact  number  of  con- 
stellations, much  less  to  define  their  boundaries. 

The  astronomers  of  this  century  have  been  obliged  to  face  the 
question  what  to  do  with  the  ancient  system  of  constellations 
and  its  later  additions.  Some  would  abandon  it  altogether; 
others  would  retain  its  leading  features  but  would  simplify  the 
subdivisions,  by  discarding  many  of  the  additions  and  straight- 
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ening  the  boundaries,  but  departing  as  little  from  the  primitive 
scheme  as  is  possible.  The  latter  yiew  seems  to  have  prevailed 
by  general  consent  without  concerted  action.  The  German  as- 
tronomer, Argelander,  whose  efficient  labors  in  cataloguing  the 
stars  about  the  middle  of  the  present  century  gave  him  general 
recognition  as  an  authority  on  such  matters,  incidentally  per- 
formed this  revision  while  preparing  his  Atlas.  With  but  little 
dissent,  his  work  is  accepted  as  authoritative.  It  contains  fifty- 
seven  constellations  visible  in  northern  latitudes,  which  are  made 
up  of  forty-six  of  Ptolemy's  and  eleven  added  by  later  astrono- 
mers, chiefly  by  Hevelius.  Had  Argelander's  work  been  extended 
to  the  southern  pole,  the  whole  system  thus  revised  would  have 
been  generally  accepted.  As  it  is,  there  is  still  some  indecision  as 
to  the  acceptance  of  the  schemes  suggested  by  various  astrono- 
mers. The  tendency  is  to  accept  only  those  constellations  of  long 
usage,  and  to  limit  the  number  as  far  as  consistent  with  covering 
the  space  satisfactorily.  The  whole  number  of  constellations  in 
current  use  is  between  eighty  and  ninety,  the  exact  number  de- 
pending on  the  acceptance  or  rejection  of  minor  groups  in  the 
southern  sky. 

From  this  brief  account  of  the  development  of  the  system  of 
constellations  it  will  be  seen  that  even  at  the  present  time  the 
subject  is  not  quite  as  satisfactory  as  might  be  expected.  The 
system  has  been  one  of  growth,  and  the  growth  has  not  always 
been  wisely  directed.  As  it  now  stands,  accepted  as  it  is  by  mod- 
em astronomers  as  an  inheritance  not  to  be  lightly  thrown 
aside,  it  contains  some  very  curious  characteristics.  Most  not- 
able of  these  is  the  great  difference  in  the  size  of  the  several  con- 
stellations. One  of  these,  Argo  Navis,  in  the  southern  sky,  is  so 
enormous  that  its  subdivisions  into  four  or  five  parts  named  from 
the  several  parts  of  the  vessel  is  quite  commonly  accepted.  An- 
other, Ursa  Major,  with  its  imposing  array  of  bright  stars,  and 
its  curious  collection  of  pairs  in  close  proximity,  occupies  a  com- 
manding space  in  the  northern  sky.  Camelopardalis  and  Mono- 
ceros  are  examples  of  large  constellations  which  contain  but  few 
stars  visible  to  the  naked  eye— relatively  blank  spaces.  Some  of 
the  groups,  as  Equuleus  and  Scutum  Sobieski,  are  so  small  that 
it  seems  unfortunate  that  they  were  not  included  in  the  territory 
of  their  neighbors,  as  was  done  in  the  case  of  Taurus  Poniatow- 
ski  and  some  other  constellations  which  for  a  time  were  on  the 
accepted  list.  Another  characteristic  feature  is  the  great  diver- 
sity in  the  brilliancy  of  the  different  groups.  This  feature  is  of 
course  quite  to  be  expected,  indeed  no  system  could  be  devised 
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which  would  not  have  a  like  diversity  because  of  the  unequal  dis- 
tribution of  the  stars  according  to  brightness.  Another  feature, 
however,  which  might  have  been  prevented  had  it  been  desired,  is 
the  great  diversity  in  the  shape  of  the  regions  assigned  to  the  sev- 
eral constellations.  Snake-like  figures,  winding  about  over  large 
areas,  but  leaving  much  adjacent  territory  for  other  constella- 
tions, seem  to  have  beeen  quite  a  favorite  form.  Draco,  Serpens 
and  Hydra  are  the  best  examples  of  this  form,  and  from  their 
shape  are  easily  traced.  In  several  instances  constellations  cross- 
ed each  other,  but  this  has  been  remedied  by  readjusting  the 
boundaries,  except  in  the  case  of  Serpens  which  now  crosses  the 
serpent  bearer  Ophiuchus.  Another  characteristic  feature  is  the 
winding  of  the  division  boundaries.  This  was  made  necessar3'  by 
attempting  to  adhere  to  the  original  shapes  of  the  figures  as  far 
as  possible,  and  not  to  transfer  stars  from  one  constellation  to 
another  in  straightening  the  division  lines.  In  this  way  the  divi- 
sion lines  are  drawn  in  a  very  meandering  manner.  Another  evi- 
dent characteristic  is  the  slight  resemblance  between  the  stellar 
groups  and  the  figures  which  give  the  names  to  the  groups.  In  a 
few  cases  the  resemblance  is  genuine;  in  the  majority  of  cases  no 
resemblance  exists,  and  it  need  not  be  supposed,  as  is  sometimes 
done,  that  the  ancient  astronomers  detected  such  resemblance 
when  they  assigned  names  to  the  groups. 

The  present  scientific  use  of  the  constellations  is  wholly  for  pur- 
poses of  notation.  There  are  several  distinct  ways  in  which  stars 
are  named.  The  earliest  method,  that  of  describing  the  position 
in  the  figure  occupied  by  the  star,  is  entirely  obsolete,  and  the 
method  of  naming  it  bj'  a  letter  or  number  followed  by  the  Latin 
name  of  the  constellation  in  the  genitive  case  is  used  for  all 
bright  stars.  The  letters  are  usually  of  the  Greek  alphabet,  and 
were  assigned  by  a  German  astronomer,  named  Bayer,  in  the 
early  part  of  the  seventeenth  century.  The  numbers  are  usually 
those  assigned  by  the  English  astronomer,  Flamsteed,  who  lived 
a  little  later  than  Bayer  in  the  same  century.  Many  of  the  stars 
have  been  given  individual  names,  but  with  few  exceptions  these 
are  nearly'  or  quite  obsolete.  To  take  a  concrete  example,  the 
bright  star  which  is  nearest  the  northern  celestial  pole  was 
called  in  Ptolemy's  catalogue  "the  star  at  the  end  of  the  tail"; 
it  is  known  to-day  in  star  catalogues  as  a  Ursae  Minoris,  or 
1  Ursae  Minoris.  It  has  also  received  the  names  Gjedi,  Polaris, 
Cynosura  and  Alruccabah,  only  the  second  of  which  survives. 
These  various  methods  of  designating  a  star  apply  only  to  the 
few  bright  stars  which  have  been  catalogued  for  many  centuries 
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as  visible  to  the  naked  eye.  All  telescopic  stars,  and  many  of  the 
fainter  ones  visible  to  the  naked  eye,  are  distinguished  by  their 
position  in  the  sky,  their  right  ascension  (corresponding  to  longi- 
tude) and  their  declination  (corresponding  to  latitude)— to  give 
the  technical  names  of  the  science.  If  a  star  is  in  any  of  the  pub- 
lished catalogues  of  stars,  it  is  frequently  mentioned  by  its  cur- 
rent number  in  that  catalogue.  Thus  the  pole  star  might  be 
distinguished  as  B.  A.  C.  360,  because  it  has  that  number  in  the 
Catalogue  of  the  British  Association.  It  is  customary,  too,  in 
star  catalogues  to  give  the  constellation  within  which  each  star 
comes,  even  if  it  is  too  faint  to  have  a  letter  or  a  number  in  that 
constellation.  Thus  the  use  of  the  system  of  the  constellations  is 
limited  to-day  to  the  naming  of  the  brightest  stars,  and  these 
may  in  every  case  be  designated  without  reference  to  the  con- 
stellation, by  some  of  the  alternative  methods  just  named.  The 
figures  have  ceased  to  be  used,  but  the  names  remain,  designat- 
ing now  regions  of  the  sky  within  which  the  figures  were  form- 
erly drawn.  .The  figures  are  not  always  drawn  on  modem  star 
atlases,  but  when  given  in  faint  outline  so  as  not  to  obscure  the 
stars,  they  are  of  interest  from  a  historical  point  of  view,  as  well 
as  frequently  for  their  help  in  fixing  the  stellar  groups  them- 
selves. 

The  study  of  the  constellations  has,  it  is  true,  ceased  to  have 
the  prime  importance  in  Astronomy  which  it  possessed  in  former 
years.  But  it  still  has  its  merits  and  its  interest.  The  profession- 
al astronomer  is  at  a  disadvantage  in  his  technical  researches 
who  does  not  know  the  leading  groups  and  the  names  or  letters 
of  the  most  conspicuous  stars  in  the  groups.  The  general  student 
of  the  science  also  should  know  the  important  constellations,  and 
their  positions  at  diflferent  times  of  the  night  and  the  year.  He 
will  not  simply  gain  the  direct  knowledge  which  this  gives,  but 
he  will  have  clearer  ideas  of  the  movements  of  the  heavenly 
bodies.  No  one  who  prizes  the  history  of  any  science  will  despise 
a  branch  of  it,  which  has  indeed  become  of  less  importance  in  late 
years,  but  which  is  interwoven  with  the  development  of  the  sci- 
ence in  a  very  marked  degree. 

There  are  other  advantages  in  constellation  study  than  those 
named,  especially  for  the  amateur  or  the  person  only  casually  in- 
terested in  Astronomy.  The  stars  which  stud  the  firmament, 
like  beacon  lights  in  the  darkness  of  the  night,  become  almost 
like  personal  friends  when  they  are  recognized  in  their  varying 
annual  positions.  The  ancient  Egyptians  knew  when  the  over- 
flow of  the  Nile  might  be  expected  by  the  rising  of  the  star  Sirius 
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just  before  the  Sun  in  the  summer,  and  the  Phoenician  nayigators 
knew  when  the  navigation  season  was  to  commence  in  the  spring 
by  the  corresponding  rising  of  the  group  to  which  the  Greeks 
gave  from  this  circumstance  the  name  of  Pleiades.    A  certain  con- 
stellation which  rises  in  mid- winter  in  the  early  evening  always 
suggests  to  the  writer  the  coming  of  the  spring.    Other  constella- 
tions have  like  associations  with  the  different  seasons.    Just  as 
in  primitive  times  the  movements  of  the  constellations  formed  an 
infallible  calendar,  written  upon  the  face  of  the  sky,  before  the 
printed  calendars  were  invented,  so  now  they  mark  the  passing 
seasons  for  those  who  will  acquaint  themselves  with  their  forms 
and  movements.    Constellation  study  is  also  especially  valuable 
for  strengthening  the  power  of  observation  and  for  training  the 
memory.    A  casual  glance  at  the  sky  leaves  only  a  vague  impres- 
sion of  points  of  light,  but  a  closer  inspection  reveals  the  relative 
positions  of  these  points  of  light,  their  varying  brightness  and 
color,  their  abundance  in  some  places  and  their  fewness  in  others. 
The  fixing  of  the  groups  in  the  mind  is  by  no  means  an  easy  mat- 
ter, and  gives  therefore  excellent  training  to  the  memory.    The 
imaginative  faculty  is  also  strengthened,  not  so  much  by  striving 
to  see  resemblances  which  do  not  exist,  as  by  forming  the  stars 
into  orderly  groups  and  connecting  them  by  lines  or  imaginary 
cords  which  seem  to  unite  them  into  a  family.    All  this  is  quite 
apart  from  the  significance  of  the  study  as  a  beginning  subject  in 
Astronomy.    As  the  stars  must  be  named  and  grouped  somehow, 
it  is  well  to  adopt  the  ancient  system,  whatever  its  defects, 
rather  than  to  invent  another,  which  lacks  the  associations  of 
the  old  one,  and  which  no  one  but  the  inventor  would  use.    The 
outlines  of  the  system  once  mastered  and  the  leading  groups 
learned,  the  less  important  groups  may  be  added  at  pleasure  and 
to  whatever  degree  of  refinement  is  desired.    A  good  foundation 
is  thus  laid  for  subsequent  use,   and   the  interest   excited   in 
one  branch  of  stellar  Astronomy  may  lead  to  further  studies  in 
the  same  inviting  subject. 


"  Consalt  with  reason,  reason  will  reply 
Each  lucid  point  which  glows  in  yonder  sky 
Informs  a  system  in  the  boundless  space, 
And  fills  with  glory  its  appointed  place ; 
With  beams  unborrowed  brightens  other  skies, 
And  worlds  to  the  unknown  with  light  supplies." 
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THE  SPECTROSCOPE  AND  SOME  OP  ITS  APPI^ICATIONS. 


JAMBS  B.  KBBLBR.* 


1.  Principles  Involved  in  the  Construction  of  the  Instrument. 

The  editor  of  Popular  Astronomy  has  asked  me  to  write  a 
series  of  short  articles  on  the  spectroscope,  which  will  be  readily 
comprehended  by  those  who  have  no  previous  knowledge  of  the 
subject,  and  which  may  serve  as  a  guide  to  readers  who  have 
small  instruments  in  their  possession.  This  is  the  first  of  such  a 
series,  and  the  others  will  follow  in  due  course.  I  shall  hope  at 
least  to  fulfil  the  requirement  of  making  my  meaning  perfectly 
clear  at  all  times,  and  although  it  will  be  necessary  to  use  some 
technical  terms  in  dealing  with  such  a  subject  as  the  spectro- 
scope, the  new  terms  will  always  be  explained  when  they  are 
used,  so  that  they  ought  to  cause  no  difficulty  to  the  beginner. 

Few  instruments  assume  such  a  variety  of  forms  as  the  spec- 
troscope. It  may  be  a  short  piece  of  tube  no  larger  than  the 
eyepiece  of  a  telescope,  or  it  may  be  a  large  and  complicated  piece 
of  apparatus  filling  a  whole  physical  laboratory.  To  recognize 
the  relations  of  instruments  which  differ  so  greatly  in  appearance 
we  must  understand  well  the  principles  on  which  they  are  based^ 
while  to  recognize  immediately  the  meaning  of  all  the  curious 
appearances  seen  in  a  spectroscope  under  different  circumstances^ 
requires,  in  addition  to  this,  much  experience  in  practical  observ- 
ation. 

The  chief  use  of  the  spectroscope  is  to  study  the  constitution 
of  a  body  by  means  of  the  light  which  it  emits.  Light  is  the 
agent  which  brings  us  the  desired  information,  and  if  there  is 
only  enough  of  it  when  it  reaches  us,  it  is  a  matter  of  indifference 
how  far  it  has  traveled  on  the  way.  It  is  this  independence  of 
distance  which  makes  the  results  of  spectroscopic  analysis  seem 
so  wonderful  to  one  unfamiliar  with  its  methods.  Fifty  years 
ago  they  were  almost  undreamed  of.  The  chemical  constitution 
of  the  stars,  now  a  regular  field  of  inquiry  in  many  observatories^ 
was  once  mentioned  by  an  eminent  metaphysician  as  an  example 
of  the  knowledge  which  must  remain  forever  beyond  our  reach. 
If  our  sense  of  admiration  is  blunted  by  custom,  let  us  try  to  im- 
agine what  a  philosopher  of  the  last  century  would  have  said,  if 
the  results  of  modem  spectroscopic  analysis  had  been  laid  before 
him,  without  any  explanation  of  the  way  in  which  they  had  been 
obtained. 


•  Director  of  Observatory,  Allegheny.  Pa. 
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To  illustrate  the  principle  of  the  spectroscope,  let  us  consider 
some  simple  experiment,  in  which  we  shall  not  be  confused  by  a 
complexity  of  apparatus.  Perhaps  the  best  one  will  be  the  his- 
toric experiment  of  Newton,  which,  indeed,  every  beginner  should 
repeat.  We  first,  then,  make  a  hole,  say  half  an  inch  in  diameter, 
in  the  shutter  of  a  darkened  room,  so  that  a  l>eam  of  sunlight 
enters  the  apartment  and  falls  upon  the  floor.  Next  we  take  a 
glass  prism,  which  for  this  purpose  need  not  be  a  very  good  one, 
— a  prism  from  a  chandelier  will  answer,  if  it  has  a  considerable 
angle,— and  hold  it  in  the  path  of  the  beam,  with  the  sharp  edge 
downward.  The  beam  of  light  is  immediately  bent  upward,  out 
of  its  original  direction,  and  on  the  opposite  wall  of  the  room 
appears  a  beautiful  rainbow-tinted  band,  red  at  the  lower  and 
violet  at  the  upper  end.  To  this  colored  band  of  light  Newton 
gave  the  name  of  spectrum. 

White  light,  therefore,  is  made  up  of  light  of  many  different 
colors,  which  Newton  roughly  designated  as  red,  orange,  yellow, 
green,  blue,  indigo  and  violet,  but  the  colors  blend  into  each  other 
so  that  the  number  of  shades  is  really  infinite.  We  shall  see  that 
the  different  kinds  of  light  separated  by  the  prism  difier  in  other 
properties  as  well  as  in  color. 

The  solar  spectrum  obtained  in  this  experiment,  although  beau 
tiful  enough  to  the  eye,  is  what  i?  technically  called  an  "impure" 
one;  that  is,  the  different  kinds  of  light  are  not  perfectly  sepa- 
rated on  the  screen,  but  overlap  and  are  confused.  To  obtain  a 
pure  spectrum  we  must  employ  somewhat  more  elaborate  ap- 
paratus; still  the  spectrum  which  we  have  is  good  enough  to 
illustrate  many  points  of  the  greatest  importance  in  practical 
spectroscopy,  and  we  shall  use  it  for  this  purpose  before  going 
farther. 

The  beam  of  light  which  comes  through  the  hole  in  the  window 
shutter  is  bent  out  of  its  course,  or  deviated^  by  the  prism,  and 
it  is  evident  that  the  colors  are  separated  because  the  blue  light 
is  more  deviated  than  the  red.  The  separation  of  the  colors  is 
called  dispersion^  and  like  the  deviation,  is  measured  in  degrees. 
Thus,  if  the  deviation  of  red  light  is  50°  and  that  of  violet  light 
64°,  the  spectrum  will  be  4°  long,  and  the  prism  is  said  to  have  a 
dispersion  of  4°  between  the  red  and  the  violet  parts  of  the  spec- 
trum. If  the  reader  will  refer  to  an  elementary  text-book  on 
physics,  he  will  find  that  the  action  of  a  prism  is  due  to  the  fact 
that  light  travels  more  slowly  in  glass  than  in  air,  and  that  the 
violet  rays  are  more  retarded  by  glass  than  the  red  rays. 

Now  let  us  experiment  by  rotating  the  prism  about  its  lower 
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edge,  or  refracting  angle.  We  shall  find  that  no  matter  how  we 
ttim  the  prism,  we  cannot  make  the  deviation  of  any  given  part 
of  the  spectrum  less  than  a  certain  amount,  called  the  minimum 
deviation.  When  the  prism  is  in  the  position  which  produces 
minimum  deviation  the  light  enters  and  leaves  the  prism  equally 
inclined  to  its  two  surfaces'. 

Starting  from  this  position  of  the  prism,  let  us  turn  it  so  that 
the  light  falls  more  directly  on  the  first  face.  The  spectrum  is 
thrown  higher  on  the  wall  and  at  the  same  time  it  is  lengthened ; 
the. dispersion  is  increased.  If  we  turn  the  prism  in  the  opposite 
direction  the  deviation  will  also  increase,  but  the  spectrum  will 
shorten,  i.  e.,  the  dispersion  will  be  diminished. 

In  the  spectroscope,  the  prism  is  almost  invariably  used  in  the 
position  of  minimum  deviation,  but  it  is  sometimes  an  advan- 
tage to  know  how  to  vary  the  dispersion  by  the  simple  method 
just  described. 

A  technical  term  much  used  in  spectroscopic  literature  is 
*'  monochromatic  "  light,  and  we  may  illustrate  its  meaning  with 
the  apparatus  which  we  are  supposed  to  have  before  us.  The 
meaning,  according  to  the  construction  of  the  word,  is  light 
of  a  single  color,  but  color  is  here  used  in  a  stricter  sense  than  in 
ordinarv  language.  The  light  transmitted  by  red  glass,  or  the 
red  of  the  rose,  is  not  by  any  means  monochromatic. 

If  we  receive  the  spectrum  from  the  prism  on  a  screen,  and 
make  a  small  hole  in  the  screen  so  as  to  let  through  a  beam  of, 
say,  red  light,  we  obtain  a  beam  of  light  which  is  approximately 
monochromatic.  It  is  not  perfectly  so,  on  account  of  the  over- 
lapping colors  on  the  screen,  and  because  the  hole  is  of  consider- 
able size,  but  if  we  imagine  the  spectrum  to  be  very  pure  and  the 
hole  extremely  small,  we  can  form  an  idea  of  what  is  meant  by 
monochromatic  light.  Such  a  beam  would  be  refracted  by  a 
prism  placed  in  its  path,  and  changed  in  direction,  but  it  would 
not  be  dispersed  like  a  beam  of  white  light. 

It  is  not  an  easy  matter  to  obtain  really  monochromatic  light, 
but  for  all  ordinary  experiments  a  spirit  lamp,  in  the  wick  of 
which  a  little  salt  has  been  placed,  gives  a  flame  which  will  an- 
swer quite  well.  The  flame  really  radiates  two  slightly  diflerent 
kinds  of  yellow  light,  so  nearly  alike  that  no  eye  could  distin- 
guish their  difi*erence  in  color,  and  there  is  also  some  blue  and 
green  light  from  the  alcohol  flame,  but  these  rays  are  quite  faint. 
Professor  Michelson  has  shown  that  certain  red  rays  from  burn- 
ing cadmium  are  almost  ideally  monochromatic. 

Let  us  now  consider  a  somewhat  more  elaborate  optical  ar- 
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ratigement,  which  will  give  a  pure  spectrum,  and  which,  carried 
out  practically  in  glass  and  metal,  will  rise  to  the  dignity  of  be- 
ing called  a  spectroscope. 

I  must  assume  that  the  reader  is  familiar  with  the  ordinary 
properties  of  lenses,  for  it  is  hardly  possible  to  go  back  to  first 
principles  in  every  branch  of  our  subject.  If  he  has  not  this 
knowledge,  he  should  by  all  means  acquire  it  by  reading  the  prop- 
er part  of  an  elementary  text-book  of  physics.  I  will  however 
mention  the  principal  property  of  a  convex  lens,  which  at  once 
finds  an  application  in  constructing  our  new  apparatus.  If 
parallel  rays  of  light  fall  upon  a  convex  lens,  they  will  be  con- 
verged to  a  point  on  the  other  side  called  the  principal  focus,  and 
conversely,  if  a  luminous  point  is  placed  in  the  principal  focus  of 
a  convex  lens,  those  rays  which  fall  upon  the  lens  will  emerge 
parallel. 

e  o 

-A 


Fim-I 


Let  A  (fig.  1)  be  a  point  emicting  monochromatic  light,  which 
we  may  suppose  to  be  yellow,  and  let  it  be  in  the  principal  focus 
of  the  convex  lens  C;  then  the  rays  emerging  from  C  will  be  par- 
allel. Let  D  be  another  similar  convex  lens,  placed  in  the  path  of 
these  rays.  By  this  lens  the  parallel  rays  will  be  converged  to  a 
point  B  in  its  principal  focus,  and  this  point  is  an  image  of  A.  A 
single  lens  could  be  employed  to  produce  the  same  result,  but 
then  in  no  part  of  the  system  should  we  have  parallel  rays,  the 
use  of  which  will  soon  be  apparent. 

Perhaps  I  should  say  here  that  the  image  B  is  not  really  a 
point,  even  if  the  lenses  are  perfect,  but  an  extremely  minute  disc, 
surrounded  by  fine  rings  of  light.  The  reader  who  has  used  a 
telescope  is  familiar  with  the  appearance  described,  for  it  is  that 
of  every  star  image.  For  our  purposes  B  may  be  regarded  as  a 
point,  although  the  fact  that  it  is  really  a  very  small  disc  is  of 
great  importance  in  the  complete  theory  of  the  spectroscope. 

Light  diverging  from  a  point  just  below  A  would  be  converged 
to  a  point  above  B  and  equally  distatt  from  it.  Every  point 
near  A  has  its  corresponding  point  near  B,  and  thus  an  image  of 
any  object  placed  at  A  is  formed  at  B.  The  image  is  of  the  same 
size  as  the  object,  and  it  is  inverted.  The  luminous  object  might 
be  the  salt  (or  sodium)  flame  already  referred  to,  and  then  an  in- 
verted image  of  the  flame  would  be  thrown  on  a  screen  held  at  B. 
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Now  let  tis  suppose  that  a  glass  prism  is  placed  between  the 
lenses  where  the  yellow  rays  from  the  point  A  are  parallel,  as  in 
fig.  2.  If  the  first  surface  of  the  prism  is  flat,  all  the  parallel  rays 
from  C  meet  it  at  the  same  angle,  and  they  will  all  be  refracted, 
or  bent  by  the  same  amount  on  entering  the  glass,  if  the  glass  is 
homogeneous,  or  of  the  same  refracting  power  in  every  part ;  the 
rays  will  therefore  still  be  parallel  in  passing  through  the  prism. 
If  the  second  surface  is  also  flat,  all  the  rays  will  again  be  equally 
refracted  toward  the  base  of  the  prism,  and  they  will  pass  out 
with  their  parallelism  undisturbed,  although  in  quite  a  different 
direction  from  that  of  entering.  Passing  througjh  the  lens  D  the 
rays  are  converged  to  a  point  V  in  its  principal  focus,  as  before. 
We  may  turn  the  prism  until  V  is  displaced  as  little  as  possible 
fi'om  its  original  position  JB,  and  in  the  figure  the  prism  is  shown 
in  this  position  of  minimum  deviation. 


If  with  the  prism  so  adjusted,  we  place  a  sodium  flame  at  A, 
we  shall  obtain  an  image  of  it  at  F,  precisely  similar  in  every  re- 
spect to  the  image  when  there  was  no  prism,  as  in  fig.  1. 

If  we  suppose  A  in  fig.  2  to  be  a  point  emitting  red  monochro- 
matic light  instead  of  yellow,  then  the  course  of  the  rays  will  be 
the  same  as  before,  except  that  the  red  rays  being  less  deviated 
by  the  prism,  the  red  image  or  point  in  the  focus  of  D  will  be 
formed  higher  up,  nearer  to  the  place  it  would  have  in  the  ar- 
rangement shown  in  fig.  1. 

Now  let  us  suppose  the  point  A  to  emit  both  red  and  yellow 
monochromatic  light  (and  nothing  else).  Until  they  fall  on  the 
prism,  both  kinds  of  light  pursue  the  same  course,  but  by  the 
prism  they  are  separated.  On  leaving  the  prism  all  the  yellow 
rays  are  parallel  to  themselves,  and  all  the  red  rays  are  parallel, 
but  the  two  sets  of  parallel  rays  are  travelling  in  slightly  differ- 
ent directions,  and  when  they  pass  through  the  lens  D  the  yellow 
rays  are  converged  to  a  point  V  and  the  red  rays  to  another 
point  R  (fig.  3)  above  the  first.  If  A  is  a  £ame  emitting  the  same 
two  kinds  of  light,  then  we  shall  get  a  yellow  image  of  the  flame 
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at  V  and  a  red  image  at  1?,  alike  except  in  color,  and  both  of  the 
same  size  as  the  flame  itself.  The  apparatus  serves  to  analyze 
the  light,  and  shows  that  the  flame  emits  two  distinct  species  of 
rays,  which  could  not  be  recognized  by  the  unaided  eye. 

As  both  images  of  the  flame  are  quite  large,  it  is  probable  that 
they  will  overlap,  and  not  be  entirely  separated.  We  may,  how- 
ever, cover  up  the  sides  of  the  flame,  and  prevent  their  light  from 
entering  the«  apparatus.  The  images  will  then  be  formed  of  the 
uncovered  part  of  the  flame,  and  will  be  narrower.  If,  for  in- 
stance, we  make  a  round  hole  in  a  card,  and  place  the  hole 
exactly  at  A,  with  the  flame  close  to  it  on  the  outside,  each  image 
will  consist  of  a  round  disc  of  light.  Perhaps  the  images  still 
overlap  on  their  nearest  sides.  We  make  a  smaller  hole  in  the 
card,  and  now  the  images,  being  smaller,  are  completely  sepa- 
rated. Whatever  shape  we  choose  to  give  the  aperture  in  the 
card,  the  images  will  have  exactly  the  same  shape. 

Now  remembering  that  the  images  are  always  exactly  like  the 
aperture,  and  that  their  centers  are  always  the  sa^me  distance 
apart,  let  us  consider  what  form  of  aperture  it  will  be  most  ad- 
vantageous to  use.  It  is  evident  that  the  greatest  amount  of 
light  will  be  admitted,  with  the  greatest  possible  separation  of 
images,  if  the  aperture  is  a  very  narrow  rectangle,  with  its  long- 
est side  parallel  to  the  refracting  edge  of  the  prism.  The  images 
will  of  course  be  equally  narrow  rectangles.  If  the  aperture  is 
very  narrow  we  may  call  it  a  slit,  and  the  images  will  then  be 
mere  lines  of  light,  parallel  to  each  other  and  to  the  edge  of  the 
prism.  Now  these  two  images  constitute  the  spectrum  of  the 
flame,  and  in  spectroscopic  parlance  it  would  be  said  that  the 
spectrum  of  the  flame  consisted  of  two  bright  lines,  one  in  the 
yellow  and  one  in  the  red.  Lines  are  always  mentioned  in  de- 
scribing a  spectrum  simply  because  the  aperture  which  admits 
the  light  is  always  a  slit. 

It  is  important  to  observe  thrft  altering  the  width  of  the  slit 
does  not  change  the  brightness  of  the  lines, — ^merely  their  width. 

A  monochromatic  blue  flame  placed  in  front  of  the  slit  would 
give  a  blue  line  in  the  spectrum,  considerably  further  from  the  red 
than  the  yellow  line,  but  in  the  same  direction  from  it ;  and  final- 
ly a  flame  which,  like  that  of  a  candle,  gives  out  all  kinds  of  light, 
wonld  give  a  spectrum  consisting  of  a  continuous  band  of  color 
without  interruptions  of  any  kind,  like  the  solar  spectrum  of  our 
first  experiment.  The  images  of  the  slit,  being  infinite  in  number, 
blend  together  to  form  what  is  called  a  continuous  spectrum.  We 
shall  see  later  what  the  solar  spectrum  is  like  with  our  new  ap- 
paratus. 
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The  spectra  obtained  with  this  apparatus  are  pure,  for  each 
kind  of  monochromatic  light  gives  one,  and  only  one  bright  line 
in  the  spectrum.  At  the  same  time  there  is  a  limit  to  the  purity 
which  can  be  obtained  with  it,  for  the  slit  must  have  some  vddth^ 
and  we  can  imagine  two  kinds  of  monochromatic  light  so  nearlj 
alike  that  the  two  images  of  the  slit  would  overlap,  even  virith 
the  narrowest  slit  that  it  would  be  practicable  to  use. 

It  remains  now  to  show  how  the  optical  parts  which  we  have 
considered  are  put  into  practical  shape,  so  as  to  form  a  spectro- 
scope. 

The  lens  C,  which  in  practice  is  an  achromatic  lens,  and  not  a 
simple  one  as  shown  in  the  figure,  is  mounted  in  one  end  of  a 
tube,  and  the  aperture  or  slit  is  placed  at  the  other.  The  slit  is 
however  attached  directly  to  a  shorter  tube  which  slides  in  the 
first,  so  that  by  pushing  it  in  or  out  it  can  be  adjusted  exactly  in 
the  principal  focus  of  the  lens.  Sometimes  a  focusing  screw  is 
added  to  make  the  adjustment  easier.  The  width  of  the  slit  is 
varied  by  turning  a  small  screw.  The  whole  tube  carrying  the 
lens  and  slit  is  called  the  collimator. 


The  prism  is  placed  on  a  little  table,  and  in  a  good  instrument 
it  should  rest  on  three  small  foot  screws,  so  that  its  edge  can  be 
made  vertical. 

The  lens  D  which  should  also  be  achromatic,  is  mounted  in  one 
end  of  a  tube.  The  images  which  it  forms  are  not  thrown  on  a 
screen,  but  viewed  directly  by  a  magnifying  glass,  or  eyepiece, 
placed  at  the  other  end  of  the  tube  just  beyond  the  point  JB.  A 
short  sliding  tube,  like  that  in  which  the  slit  is  mounted,  enables 
the  eyepiece  to  be  pushed  in  or  out,  so  that  the  spectrum  may  be 
seen  distinctly.  The  whole  tube  therefore  forms  a  small  telesope, 
and  the  three  parts  now  described— collimator  (with  slit),  prism, 
and  telescope, — are  the  essential  parts  of  the  ordinary  and  most 
generally  useful  form  of  spectroscope. 

If  the  spectrum  is  very  short  and  the  eyepiece  large,  the  whole 
spectrum  may  x>erhaps  be  seen  at  once,  and  then  the  telescope 
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can  be  fastened  in  a  position  determined  by  trial ;  but  it  is  much 
better  to  have  it  movable  about  a  center  under  the  prism,  and 
then  it  can  be  brought  in  line  with  the  collimator  as  in  fig.  1,  or 
turned  so  as  to  bring  any  desired  part  of  the  spectum  to  the  cen- 
ter of  the  field  of  the  eyepiece. 

Next  time  I  shall  tell  how  to  use  a  spectroscope  of  this  form, 
and  describe  the  solar  spectrum  as  seen  with  it  or  any  other  in- 
strument of  small  dispersion.  I  have  dwelt  at  some  length  on  the 
principles  involved  in  its  construction,  but  not,  I  think,  more 
than  their  importance  requires,  for  it  is  absolutely  necessary  that 
they  should  be  thoroughly  understood  before  proceeding  to  more 
complicated  arrangements,  and  to  the  wonderful  results  which 
have  followed  the  application  of  the  spectroscope  to  astronomy. 


THE  MOON. 


WM.  W.  PAYNB.* 


A  series  of  articles  will  be  prepared  for  this  magazine  to  show, 
in  a  general  way,  what  is  known  about  the  Moon,  the  sources 
of  information,  something  about  the  unsettled  questions  and  the 
theories  pertaining  to  them,  and,  at  the  proper  time,  a  risumi  of 
the  discussion  now  going  on  in  relation  to  the  decay  and  possi- 
ble dissolution  of  satellites  generally. 

In  the  study  of  the  Moon  writers  generally  begin  with  a  de- 
scription of  its  motions,  figure  and  dimensions,  then  notice  its 
physical  features  and,  from  its  singular  and  varied  formations 
infer  its  condition  and  physical  constitution.  From  a  study  of 
its  surface  markings  is  obtained  nearly  all  that  is  known,  at  pres- 
ent, about  the  Moon. 

It  will  be  very  profitable  for  the  reader  to  notice,  in  the  outset, 
that  this  knowledge,  in  even  its  easy  and  elemental  parts,  was 
gained  only  by  careful,  persistent  and  long  continued  observation 
of  such  surface  markings  as  could  be  revealed  plainly  to  the  un- 
aided human  eye.  Those  who  have  read  any  lunar  history  Be- 
longing to  very  early  times  will  remember  that  very  little  usefiil 
knowledge  was  acquired  by  Chinese,  Hindoo  or  Egyptian  astron- 
omers because  they  did  not  observe  or  work  systematically.  The 
Chinese  probably  made  the  earliest  record  of  a  lunar  eclipse,  2158 
B.  c,  but  the  account  of  it  contains  scarcely  more  than  a  mere 
mention  of  the  event,  while  those  of  the  Egyptians  and  Hindoos 
are  said  to  be  vague  and  even  less  complete.    On  the  other  hand, 

*  Goodsell  Observatory,  Northfield,  Minn. 
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the  Chaldeans  appear  to  have  made  and  recorded  regular  series 
of  observations,  from  a  very  early  period,  although  only  those  of 
later  time  have  been  preserved,  as  far  as  we  now  know.  Ptol- 
emy gives  these  later  records  commencing  with  the  lunar  eclipse 
of  720-719  B.  c.  As  might  be  expected  the  Chaldeans  were  re- 
warded in  the  results  of  their  work  because  it  was  done  regular- 
ly, carefaliy  and  thoroughly.  Instances  of  this  are  seen  in  the 
fact  that  they  were  able  to  find  the  length  of  the  solar  year,  as 
365^  days,  that  they  knew  very  closely  the  time  of  the  Moon's 
revolution  and  that  they  should  be  able,  from  a  very  long  series 
of  observations  of  eclipses  to  determine  the  Saros,  a  period  after 
which  eclipses  follow  one  another  again,  in  the  same  order  for  an- 
other like  period  of  time,  and,  on  account  of  which  coming 
eclipses  could  be  predicted  with  considerable  accuracy. 

About  a  century  later  (650  b.  c.)  another  important  feature 
marks  the  progress  of  astronomical  science.  Greek  philosophers 
introduced  into  the  study  of  astronomy  their  own  purely  theoret- 
ical ways  of  thinking,  so  that  from  the  time  of  Thales  to  Aris- 
totie  comparatively  little  observing  was  done ;  they  were,  how- 
ever, verv  busy  in  constructing  theories,  mainly  concerning  the 
markings  of  the  lunar  surface  and  the  resemblances  between  the 
Moon  and  theBarth,  but  their  theories  varied  greatiy  at  differ- 
ent times  and  in  different  schools  of  the  philosophers.  However 
it  is  pleasant  to  notice  that  Aristotle*  (382-322  b.  c.)  taught 
that  the  Moon,  on  account  of  its  phases  and  eclipses,  must  be  a 
sphere  always  turning  the  same  face  to  the  Earth,  and  that  it  is 
nearer  than  the  planet  Mars  because  the  former  is  known  to 
occult  the  latter.  The  Greeks  had  knowledge  of  the  Chaldean 
Saros  and  tried  to  improve  it  by  better  Cycles  of  their  own,  the 
most  important  of  which  was  called  the  Metonic  Cycle  (432 
b.  c.)  by  Meton,  an  Athenian.  This  Cycle  consisted  of  6940  days 
(about  19  years)  the  error  of  which  for  the  Sun  was  nine  hours, 
for  the  Moon  seven  hours,  with  a  diflGsrence  for  the  two  bodies  of 
only  two  hours.  The  advantages  of  this  Cycle  were  many  and 
early  astronomers  held  it  in  high  honor,  and  its  successive  years 
were  publicly  designated  by  numbers  in  gold,  hence  the  so-called 
golden  number  of  the  Metonic  Cycle.  In  330  b.  c,  Calippus  im- 
proved this  Cycle  by  multiplying  it  by  four  and  subtracting  one 
day,  which  made  the  new  period  to  consist  of  27,759  days  (about 
76  years),  consisting  of  940  lunations,  making,  at  its  end,  a 
nearer  coincidence  of  the  Sun,  Moon  and  seasons  than  the  Saros ; 
for,  by  this,  not  only  was  the  order  of  the  eclipses  known,  but 
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also  the  day  on  which  particular  ones  came  could  be  predicted  for 
years  to  come.  This  Cycle  was  adopted  by  scientific  astronomers 
of  this  period.  In  the  year  320  b.  c,  began  the  use  of  better  as- 
tronomical instruments  and  more  systematic  work  in  observing' 
though  it  should  be  borne  in  mind,  that  the  time  of  which  we 
now  speak  was  nearly  2000  years  before  the  invention  of  the  tele- 
scope, it  was  also  the  beginning  of  the  period  of  Aristarchus, 
Hipparchus  and  Ptolemy  whose  skillful  work  will  have  full 
notice'in  due  time. 

At  14fO  A.  D.  begins  a  period  of  fourteen  centuries  during  which 
there  was  very  little  improvement  in  Astronomy,  as  may  be  illus- 
trated by  the  fact  that  the  lunar  theory  remained  just  where 
Ptolemy  left  it  for  all  those  centuries.  When  Tycho  Brahe  (1575 
-1600  A.  D.)  began  his  work  of  exact  observation,  which  was 
soon  followed  by  Gallileo  with  the  wonderful  discoveries  of  the 
first  telescope,  the  era  of  modem  Astronomy  began,  in  which  the 
study  of  the  Moon  would  naturally  lead. 

It  will  be  the  purpose  of  this  series  of  brief  papers  to  give  an 
outline  of  lunar  history  arranged  by  topics  and  dates  for  con- 
venience in  reference,  to  present  the  methods  of  study  used  in  ear- 
ly times,  to  compare  the  work  by  the  naked  eye  and  that  done  by 
the  aid  of  the  telescope,  showing  the  use  of  the  opera  glass,  the 
small  telescope  and  the  great  instruments  of  the  present  time,  to 
point  out  what  celestial  photography  can  do  to  reveal  minute 
details  of  structure  in  the  formations  on  the  lunar  surface,  to  give 
some  knowledge  of  the  amount  of  light  and  heat  from  the  Moon, 
with  illustrations  showing  how  the  instrument,  called  the  bolo- 
meter, detects  variations  of  temperature  in  the  surface  and  its  re- 
lation to  light-phase,  and,  finally,  to  refer  to  such  evidence  as 
science  gives  on  the  question  of  its  habitability  by  beings  like  our- 
selves in  view  of  its  present  physical  condition  €md  possible  state 
of  dissolution  suggested  in  the  beginning  of  this  paper.  The  illus- 
trations belonging  to  this  theme  will  be  the  best  in  kind  and 
quality^that  can  be  secured,  and  we  believe  they  will  be  a  source 
of  interest  to  the  reader  that  could  not  possibly  be  awakened  by 
any  other  means.  They  will  have  the  accuracy  of  photography 
and  all  the  clear  detail  needed  for  exact  instruction.  Those  given 
in  this  number  are  intended  for  illustrations,  and  are  not  meant 
to  be  closely  related  to  any  particular  points  in  this  introduc- 
tory paper. 
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THB  ASTEROIDS  AND    THEIR  RELATION    TO  THE   PLANE- 
TARY SYSTEM. 


DANIBL  KIRKWOOD. 


At  the  beginning  of  the  nineteenth  century  a  new  field  of  re- 
search was  opened  to  astronomers.  A  class  of  bodies  till  then 
nnseen  by  hnman  eye,  and  nnimagined  by  the  human  mind ;  a 
clasSj  indefinite  in  numbers— perhaps  more  difficult  to  enumerate 
than  the  stars  as  seen  without  a  telescope;  a  celestial  duster,  in 
short,  within  our  own  solar  domain,  was  first  revealed  to  tele- 
scopic view.  To  trace  the  progress  of  research  in  this  zone  of 
minor  planets;  to  mark  the  conquests  already  achieved,  and  to 
inquire  whether  the  time  has  yet  come  to  co-ordinate  the  facts 
now  known,  is  the  principal  aim  of  the  paper  which  follows. 

The  name  asteroids  was  given  by  Sir  William  Herschel  to  the 
telescopic  planets  found  moving  in  the  space  between  the  orbits 
of  Mars  and  Jupiter.  The  term  planetoids  is  preferred  by  some 
writers,  and  minor  planets^  by  others;  the  name  given  by 
Herschel,  however,  seems  likely  to  be  permanent. 

Astronomical,  as  well  as  mathematical  discoveries  are  some* 
times  prophetic.  In  other  words,  they  give  promise  of  other  and 
still  greater  discoveries  to  follow.  When  the  first  asteroid  was 
revealed  to  view,  on  the  first  night  of  the  century,  the  fortunate 
Piazzi  but  little  dreamed  of  the  prospect  which  he  had  opened  to 
astronomers.  Our  solar  system  as  then  known  consisted  of 
twenty-three  planets,  primary  and  secondary;  it  now  contains 
over  three  hundred  and  eighty ;  of  which  more  than  three  hun- 
dred and  fifty  are  asteroids.  The  number  to  be  added  in  another 
century  is  yet  unknown.  The  progress  of  astronomical  discov- 
ery, however,  is  not  limited  by  the  number  or  volume  of  the 
bodies  revealed.  This  is  eminently  true  of  the  planetary  cluster 
now  to  be  considered.  What  does  it  indicate  in  regard  to  the 
physical  history  of  planets,  or  the  laws  by  which  the  heavenly 
bodies  are  controlled?  As  elsewhere  remarked,  ''if  the  universe 
is  a  book  written  for  man's  reading,"  only  patient  study  may  re- 
solve the  problem  contained  in  these  mysterious  leaves. 

Prom  the  time  of  the  far-seeing  Kepler  till  near  the  close  of  the 
eighteenth  century,  the  thought  of  a  missing  or  undiscovered 
planet  was  permitted  to  slumber;  but  when,  in  1781,  Sir  William 
Herschel  brought  Uranus  to  light,  and  when  it  had  been  shown 
that  its  distance  fell  into  the  series  of  Titius,  or  Bode,  the  idea 
was  again  revived.    It  was  in  fact  supposed  to  be  realized  in  the 
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discovery  of  Piazzi's  telescopic  planet.  What  then  was  the. sur- 
prise of  astronomers  when  within  six  years  the  harmony  was 
again  destroyed  by  the  detection  of  three  more,  Pallas,  Juno,  and 
Vesta?  The  result  was  the  hypothesis  proposed  by  Olbers  to  ac- 
count for  the  phenomena.  Small  asteroids  were  not  looked  for 
by  that  astronomer,  and  their  discovery  was  therefore  suspended 
for  thirty-eight  years. 

The  search  for  minor  planets  was  next  resumed  about  1831,  by 
Herr  Hencke,  of  Driesson.  Success  was  first  reached  in  1845, 
and  from  this  date  laborers  were  numerous  and  discoveries  fre- 
quent. About  forty  planet-hunters  entered  the  lists,  and  the  fol- 
lowing numbers  are  now  (1893)  attached  to  the  names  of  the 
most  successful. 

Discoverers.  Asteroids.  Discoverers.  Asteroids. 

Palisa 86  Watson 22 

Peters 45  Borelly 17 

Chariots .28  Goldschmidt 14 

Luther 24  Hind 10 

Of  the  352  members  now  known  (1893),  270  have  been  dis- 
covered in  Europe,  76  in  America,  and  6  in  Asia.  Seven  has 
been  about  the  average  yearly  number  from  1845  to  1893.  All 
the  larger  asteroids  of  the  zone  have  doubtless  been  discovered. 
It  seems  not  improbable,  however,  that  an  indefinite  number  of 
very  small  bodies  belonging  to  the  zone  remain  to  be  found. 
Photography  is  becoming  an  efficient  means  of  discovery. 

Laplace  knew  only  of  the  first  four  minor  planets— nothing  of 
the  wide  spread  swarm  of  hundreds  composing  the  zone.  As- 
tronomers, however,  who  adopted  his  views  on  the  origin  of  the 
system  looked  to  the  nebular  hypothesis  as  the  early  history  of 
the  related  planets.  But  between  1845  and  1853  more  than 
twenty  new  members  were  added  to  the  cluster.  Within  the 
same  time,  and  before  the  invention  of  the  spectroscope,  it  was 
announced  that  the  nebula  in  Orion  had  been  resolved  by  Lord 
Rosse's  telescope.  This  startling  claim— not  sustained  by  later 
observations — was  the  signal  for  abandoning  the  nebular  hy- 
pothesis by  many  of  its  former  advocates.  To  others,  however, 
the  resolution  of  a  nebula,  even  if  confirmed,  seemed  hardly  a 
sufficient  reason  for  the  theory's  rejection.  The  question  arose 
whether  any  probable  test  of  Laplace's  hypothesis  could  be 
found  in  the  solar  system  itself.  The  train  of  thought  was  some- 
what as  follows :  Several  new  members  have  been  found  in  the 
zone  of  asteroids;  its  dimensions  have  been  greatly  extended,  so 
that  we  can  now  assign  no  definite  limit  either  to  the  ring  itself 
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or  to  the  number  of  its  planets ;  if  the  nebular  hjrpothesis  be  true, 
the  Sun,  after  Jupiter's  separation,  contracted  successively  to  the 
Tarious  decreasing  distances  of  the  several  asteroids;  the  eccen- 
tricities of  these  bodies  are  generally  greater  thatf  those  of  the 
old  planets ;  this  difference  is  probably  due,  in  some  way,  to  the 
disturbing  force  of  Jupiter ;  the  zone  includes  several  distances  at 
which  the  peroids  would  be  commensurable  with  that  of  Jupiter; 
in  such  case  the  conjunctions  of  the  minor  with  the  major  planet 
would  occur  in  the  same  parts  of  its  path,  and  the  disturbing  ef- 
fects would  accumulate.  We  have  thus  a  natural  field  for  ex- 
traordinary perturbation.  Can  we  still  trace  the  creative  plan 
in  these  works  around  us  ?  Or  has  time  been  able  to  obliterate 
it  in  the  long  cycles  of  the  past  ? 

Not  explosion  but  tidal  action  may  have  been  Nature^ s  ancient 
mode  of  separation. 

The  similarity  between  the  elements  of  certain  asteroids  began 
to  be  noticed  by  the  present  writer  about  1867;  being  first  re- 
ferred to  in  Meteoric  Astronomy.*  "  A  comparison  of  the  ele- 
ments of  Clytea  and  Frigga,"  the  author  there  remarks,  **  shows 
a  striking  similarity;  and  Professor  Lespiault  has  pointed  out  a 
corresponding  likeness  between  the  orbits  of  Fides  and  Maia. 
For  these  four  asteroids  the  nodal  lines  and  also  the  inclinations 
are  nearly  the  same ;  while  the  periods  differ  by  only  a  few  days. 
It  is  probable,  therefore,  that  they  are  all  fragments  of  the  same 
narrow  ring."  The  subject,  however,  though  still  occasionally 
noticed,  received  no  special  study  for  a  number  of  years.  The 
author's  monograph'  on  the  Asteroids  was  published  in  1887. 
On  pp.  47  and  48  of  that  work  the  phenomena  were  again  re- 
ferred to ;  the  writer  specifying  several  marked  instances  of  agree- 
ment in  distance,  motion,  direction,  etc.  It  was  finally  concluded 
that  in  view  of  the  facts  presented,  the  division  of  tenuous,  primi- 
tive masses  seemed  certainly  less  improbable  than  the  accidental 
coincidence  of  so  many  elements.  The  cause,  of  whatever  na- 
ture, which  has  separated  cometary  masses  in  our  own  day,  may 
have  been  operative  also  in  the  original  condition  of  the  minor 
planets.  The  fact— *which  might  be  shown  as  one  of  almost  in- 
finite improbability— that  precisely  where  the  inclinations,  eccen- 
tricities, etc.,  are  most  nearly  coincident,  there  also  the  orbits  are 
most  closely  contiguous,  seems  capable  of  physical  explanation 
on  the  theory  of  a  common  origin  in  the  nebular  hypothesis. 

The  author's  first  paper  on  this  subject,  read,  in  part,  before 
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the  Astronomical  Society  of  the  Pacific,  February  10, 1890,*  and 
concluded  March,  1891,  contains  ten  binary  and  ten  ternary  as- 
teroids. Subsequently,  M..Tisserand,  of  the  Institute  of  France, 
independently  noticed  a  number  of  these  striking  coincidences 
and  unhesitatingly  remarked  that  the3'  "cannot  be  accidental." 
Mr.  W.  H.  S.  Monck  also  in  the  Sidereal  Messenger  called  atten- 
tion to  the  phenomena  in  October,  1888,  stating  that*' their 
number  is  far  too  great  to  be  explained  by  chance." 


CONCERTED  OBSERVATION  OP  THE  AURORA. 


M.  A.  VEEDER. 


There  has  grown  up  in  connection  with  studies  in  which  the 
writer  has  been  engaged  a  system  of  observation  of  the  aurora 
which  permits  comparisons  to  be  made  between  records  from  dif- 
ferent stations.  This  plan  has  been  in  operation  for  several  years 
and  has  gradually  extended  until,  in  connection  with  the  Arctic 
observations  undertaken  by  Lieut.  Peary  in  very  high  latitudes, 
it  has  received  such  an  impulse  as  promises  to  insure  extremely 
Taluable  results.  Observers  are  codperating  in  pretty  much  every 
part  of  the  Earth  where  auroras  are  seen  at  all,  and  in  some 
localities  those  cooperating  are  sufficiently  numerous  and  so'dis- 
tributcd  as  to  permit  comparisons  to  be  instituted  in  reference  to 
what  appear  to  be  local  peculiarities  of  displays.  The  most  par- 
adoxical and  mysterious  feature  thus  far  eijcountered  is  the  evi- 
dence that  has  occasionally  been  received  which  seems  to  indicate 
that  an  aurora  may  be  visible  at  stations  southward  in  the  usual 
location  looking  towards  the  north,  and  at  the  same  instant 
observers  further  north  on  the  same  meridian  may  record  the  sky 
as  entirely  clear  and  free  from  any  appearance  of  the  aurora 
whatever,  whether  toward  the  north  or  south.  What  seems  to 
have  been  a  notable  instance  of  this  kind  occurred  on  the  night  of 
July  15th.  The  observer  at  Ottawa,  Canada,  reported  that  the 
sky  became  entirely  free  from  traces  of  the  aurora  at  11 :  55  p.  m. 
At  the  same  instant  at  several  stations  southward  in  the  vicinity 
of  Lake  Ontario  the  northern  heavens  were  still  full  of  flashings 
and  flickerings  together  with  considerable  diffused  auroral  lumin- 
osity. Only  eight  minutes  later  at  three  of  these  stations,  namely, 
Toronto,  Sodus  and  Lyons,  an  auroral  curtam  with  sharply  de- 
fined lower  margin  was  seen  advancing  from  the  north  west  leav- 

*  The  first  paper  published  on  the  subject,  so  far  as  I  know. 
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ing  perfectly  clear  sky  underneath.  .Unfortunately  there  is  as  yet 
no  report  from  stations  northward  at  this  exact  instant,  but  it 
seems  almost  certain  that  this  curtain  had  moved  southward, 
leaving  clear  sky  in  its  wake,  and  that  it  became  entirely  invis- 
ible soon  after  passing  the  zenith  of  the  places  of  observation. 
In  other  words,  it  could  be  seen  towards  the  north  but  not 
towards  the  south.  Its  lower  margin  formed  such  a  prominent 
land  mark  in  the  sky  and  gave  such  evidence  of  parallax  that  it 
is  quite  certain  that  the  altitude  of  this  margin  at  12 :05  a.  m. 
was  not  far  from  twenty  miles  above  the  south  half  of  Lake 
Ontario. 

This  is  adduced  as  an  instance  of  the  very  puzzling  peculiarities 
in  the  behavior  of  the  aurora  which  it  is  extremely  desirable  to 
explain  if  possible  by  systematic,  concerted  observations.  The 
same  night  there  was  another  feature  not  so  difficult  of  explana- 
tion but  none  the  less  interesting.  At  stations  in  the  vicinity  of 
Lake  Ontario  from  10 :00  to  10 :30  p.  m.  there  was  seen  a  narrow 
auroral  band  which  is  generally  described  by  those  who  saw  it  at 
its  first  formation,  as  extending  at  that  time  from  a  point  on  the 
horizon  north  of  west  eastward  just  south  of  the  zenith  towards 
a  point  on  the  south  eastern  horizon.  This  being  the  case,  this 
band  could  not  have  been  either  perpendicular  or  parallel  to  the 
true  magnetic  meridians  of  the  places  of  observation,  but  must 
have  conformed  to  a  temporary  magnetic  system  developed  at 
the  instant  and  having  its  own  set  of  meridians,  thus  corres- 
ponding to  the  behavior  of  the  magnetic  needle  which  deviates 
from  its  usual  position  at  such  times  in  order  to  conform  to 
the  new  system  temporarily  induced.  So  far  as  is  known  to  the 
writer,  the  deviations  of  auroral  arches  and  streamers  from  their 
ordinary  positions  relative  to  the  magnetic  meridians  of  the 
places  of  observation  is  a  phase  of  the  subject  that  had  never  so 
much  as  been  thought  of  until  the  present  system  of  observations 
was  undertaken. 

Another  very  important  question  is  as  to  what  it  is  in  certain 
localities  that  attracts  the  aurora.  It  has  been  thought  that 
Archaen  rock  and  the  mineral  constituents  of  the  soil  have  this 
effect.  Perhaps  this  may  be  so,  but  in  looking  over  the  records 
that  have  been  obtained  by  concerted  observation  the  writer  has 
been  struck  by  the  fact  that  auroras  seem  to  be  much  more  num- 
erous and  brighter  in  localities  where  the  Coast  Survey  maps 
show  that  the  magnetic  meridians  are  much  displaced.  This 
bending  and  twisting  of  these  meridians  is  most  apparent  along 
the  courses  of  great  streams  flowing  east  and  west,  like  the  St. 
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Lawrence,  the  Ohio  and  the  Missouri.  It  has  been  thought  that 
the  motion  of  the  streams  carrying  along  mineral  particles  in  sus- 
pension may  have  a  modifying  inductive  eflfect  locally,  and  may 
thus  become  responsible  for  the  unstable  state  of  magnetic  equi- 
librium in  these  localities  which  is  favorable  for  the  development 
of  the  aurora.  If  this  should  prove  to  be  the  true  explanation,  it 
would  follow  that  the  arrangement  of  the  magnetic  system  of 
the  globe  as  a  whole  might  depend  to  an  important  extent  upon 
ocean  currents,  and  even  to  some  extent  upon  air  currents.  It  is 
one  of  the  features  with  reference  to  which  concerted  and  system- 
atic observations  are  most  desirable,  opening  up  as  it  does  a 
new  field  in  which  pioneer  work  is  to  be  done. 

These  are  some  of  the  problems  involved  which  have  been  held 
in  reserve  so  far  as  public  announcement  heretofore  is  concerned. 
The  questions  concerning  the  relation  to  specific  solar  conditions, 
and  to  atmospheric  electrical  conditions  have  already  been  put 
forth,  and  some  of  the  conclusions  respecting  these  questions  that 
appear  to  be  justified  by  the  system  of  observations  that  has 
been  inaugurated  have  been  announced  and  are  being  discussed 
quite  generally.  So  far  as  the  writer  is  able  to  determine,  elec- 
tro-magnetic  induction  of  solar  origin  depends  upon  what  bears 
every  mark  of  being  volcanic  activity  at  certain  points  on  the 
Sun,  and  is  propagated  from  the  Sun  outward  throughout  the 
Solar  system  dynamically,  or,  in  other  words,  in  definite  relation 
to  the  motion  of  rotation.  This  is  the  root  principle  of  the  whole 
matter,  and  its  various  ramifications  require  to  be  traced  out 
and  confirmed  by  proper  systematic  observation,  and  may  event- 
ually be  found  to  be  of  most  far  reaching  and  serious  consequence. 

It  is  evident  that  this  is  a  class  of  observations  to  which  non- 
professional as  well  as  professionel  students  of  natural  phenom- 
ena may  contribute  materially.  So  far  as  the  writer  is  concerned 
it  has  grown  out  of  studies  which  were  originally  undertaken  as 
a  matter  of  amusement,  but  which  have  grown  more  and  more 
serious  as  the  importance  of  their  consequences  has  been  recog- 
nized, and  an  insight  into  the  nature  of  the  problems  involved  has 
been  gained.  It  certainly  is  a  most  fascinating  and  may  prove 
eventually  to  be  a  most  fruitful  field  of  research. 
Lyons,  N.  Y.,  Aug.  10, 1893. 
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JUPITER'S  COMET  FAMILY. 


WM.  W.  PAYNB. 


As  we  have  not  seen  anywhere  a  full  illustration  of  Jupiter's 
comet  family,  as  now  known,  we  venture  to  give  one  in  the  ac- 
companying large  plate.  This  is  called  Jupiter's  family  of  comets 
because  they  all  seem  to  be,  in  some  way,  related  to  this  great 
pl€met.  Other  large  planets  likewise  have  comet  families.  But 
this  one  is  by  far  the  largest  of  those  known  in  the  solar  system. 
It  consists  of  nineteen  members  varying  in  known  historical  age 
from  more  than  100  years  down,  if  we  say  Encke's  is  oldest, 
and  the  Holmes'  of  1892  is  the  youngest. 

The  line  through  the  middle  of  the  plate  is  the  line  of  the  equi- 
noxes and  the  position  of  the  vernal  equinox  is  at  the  right  hand 
end  of  the  line  and  the  autumnal  at  the  left.  The  top  of  the 
plate  is  90^  of  longitude  and  the  bottom  is,  of  course,  270^. 
The  Earth's  orbit  is  a  solid  ring  because  it  lies  in  the  plane  of  the 
ecliptic.  All  other  orbits  are  broken  because  they  are  inclined  to 
the  ecliptic.  The  dotted  portions  are  below  the  ecliptic  i.  e.  to- 
wards the  south  pole  of  the  heavens,  while  the  continuous  parts 
of  these  paths  are  above  or  north  of  the  ecliptic.  Now,  notice 
some  curious  facts : 

1.  That  nearly  all  the  farthest  points  of  these  comet  orbits 
from  the  Sun  (aphelion)  are  on  one  side  of  Jupiter's  orbit.  The 
points  are  generally  marked 'by  short  cross-lines. 

2.  Notice  where  the  dotted  portions  of  the  orbits  join  the  con- 
tinuous ones ;  when  the  comets  respectively  are  at  these  points, 
they  are  nearly  in  the  plane  of  Jupiter's  orbit,  and  all  of  them 
quite  near  his  path,  so  that  the  influence  of  the  planet  on  the 
comets  must  have  been  considerable  when  so  near  one  another. 

3.  The  Sun  and  the  whole  solar  system  is  moving  through 
space  towards  a  point  in  the  Constellation  of  Hercules,  hav- 
ing right  ascension  of  267^  and  declination  north  31^.  Now, 
notice  that  the  bottom  of  the  plate  is  right  ascension  (or  longi- 
tude) 270^  and  that  direction  is  the  way  the  solar  system  and  all 
belonging  are  drifting  in  space  at  a  probable  rate  of  16  miles  per 
second  continually.  If  Jupiter  obtained  his  family  by  capture, 
why  should  he  be  more  successful  on  one  side  of  his  orbit  than  on 
the  other? 

4.  The  motions  of  these  bodies  about  the  Sun  are  direct  the 
same  as  the  planets,  i.  e.,  contrary  to  that  of  the  hands  of  a 
watch.   Jupiter's  orbital  velocity  is  8  miles  per  second,  hence  on 
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one  side  of  his  orbit  he  is  moving  in  space  at  the  rate  of  more 
than  20  miles  per  second,  while  on  the  other,  it  would  be  about 
eight.  Probably  Jupiter  will  meet  or  overtake  more  comets  and 
influence  their  courses  at  the  former  rate  than  at  the  latter,  es- 
pecially if  we  think  of  comets  generally  moving  through  space  in 
any  direction,  and  at  the  distance  of  Jupiter  from  the  Sun,  as 
having  an  average  velocity  of  eleven  miles  per  second. 

5.  The  periods  of  revolution  around  the  Sun  of  these  comets 
is  from  three  to  eight  years,  being  about  one  half  of  Jupiter's 
period  around  the  Sun. 

These  are  some  of  the  reasons  that  have  led  astronomers  to 
think,  that  Jupiter  has  obtained  his  family  of  comets  by  capture 
on  account  of  his  great  attractive  force  when  they  happened  to 
come  near  enough  to  him  to  be  under  his  control  largely.  If  one 
should  pass  within  3,000,000  of  miles  of  Jupiter,  his  attraction 
would  exceed  that  of  the  Sun,  and  the  comet  might  then  possibly 
revolve  like  a  Moon,  though  this  is  not  at  all  probable,  from  the 
nature  of  the  comet  generally,  nor  is  there  such  a  known  case  in 
astronomy. 

It  should  also  be  said  that  some  prominent  astronomers  (not- 
ably Mr.  Proctor),  do  not  believe  in  the  "capture"  theory.  We 
think  the  weight  of  opinion  is  in  its  favor.  In  1884,  Mr.  Proctor 
advocated  strongly  that  the  origin  of  comets  belonging  to  the 
solar  system  was  from  the  Sun  by  ejection,  also  possibly  from 
the  larger  planets  in  their  process  of  development  from  the  nebu- 
lous state.  More  will  be  said  about  these  comet  families  at  an- 
other time. 


ASTRONOMY  WITH  THE  SMALrLr   CAMERA. 


H.  C.  WILSON. 


One  of  the  simplest  experiments  for  the  amateur  is  that  of  pho- 
tographing star  trails.  For  this  only  the  ordinary  mounting  of 
the  camera  is  necessary,  as  the  camera  remains  fixed  during  the 
whole  exposure.  The  ray  of  starlight  falling  on  the  sensitive 
plate  does  not  remain  in  the  same  position,  but  trails  across  the 
plate,  producing  an  impression  which  on  development  is  shown 
as  a  fine  line  of  greater  or  less  width  and  density  according  to 
the  brightness  of  the  star.  If  the  camera  is  directed  toward  the 
celestial  equator  these  star  trails  are  nearly  straight  lines,  but 
in  other  positions  they  are  more  or  less  curved.    Near  the  pole 
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they  are  arcs  of  small  circles,  which  would  be  completed  if  the 
exposure  could  be  continued  for  twenty-four  hours.  One  of  the 
most  pleasing  lantern  views,  and  one  which  affords  a  striking 
illustration  of  the  rotation  of  the  Earth,  may  be  made  from  a 
negative  of  the  polar  sky.  The  exposure  for  this  purpose  should 
be  of  at  least  an  hour's  duration. 

The  work  of  photographing  star-trails  is  not  only  adapted  to 
give  pleasure  to  the  amateur  and  his  friends  but  also  may  be  of 
scientific  value.  It  is  possible  to  determine  from  the  width  and 
density  of  the  trails  the  relative  brightness  of  the  stars.  There 
is  here  therefore  a  means  of  studying  the  fluctuations  of  vari- 
able stars  and  of  discovering  new  stars.  Of  course  with  a  small 
camera  this  would  be  limited  to  the  brighter  naked-eye  stars, 
for  only  these  would  leave  their  trails  upon  the  plate.  There  is 
also  always  the  possibility  of  a  meteor  crossing  the  field  of  view 
and  leaving  a  permanent  record  of  its  appearance,  as  was  the 
cas»e  with  the  very  interesting  photograph  obtained  on  Jan.  13, 
1893,  by  Mr.  John  E.  Lewis  of  Ansonia,  Ct.  (A  reproduction 
from  the  original  negative  appeared  in  the  Photographic  Times, 
Feb.  3, 1893,  and  a  fine  enlarged  photogravure  is  to  appear  in 
the  September  number  of  the  American  Journal  of  Science). 

If  one  wishes  to  obtain  pictures  of  the  sky  including  as  many 
as  possible  of  the  fainter  stars,  his  camera  must  be  rigidly  at- 
tached to  an  axis  parallel  to  the  Earth's  axis  and  turned  by 
accurate  clock-work.  A  very  practical  way  is  to  fasten  the  cam- 
era to  a  telescope  which  is  provided  with  a  driving  clock,  as 
many  of  the  telescopes  owned  by  amateurs  now  are,  and  use  the 
telescope  for  guiding  the  camera.  Even  if  the  driving  clock  be  a 
poor  one,  the  observer  can,  by  patient  watching  correct  the  ir- 
regularities of  motion  by  means  of  the  slow  motion  screws  of 
the  telescope,  and  obtain  perfect  pictures  with  exposures  of  even 
several  hours'  duration. 

The  telescope  should  have  an  eyepiece  of  moderate  power  con- 
taining rather  coarse  cross-wires.  A  bright  star  thrown  a  very 
little  out  of  focus  will  enable  one  to  see  the  wires  without  any 
other  illumination,  so  that  the  star  may  be  quite  easily  kept  bi- 
sected by  the  cross- wires.  One  of  the.  wires  should  be  placed 
parallel  to  the  diurnal  motion  of  the  star  so  that  if,  by  any  acci- 
dent or  sudden  irregularity  of  the  clock,  the  star  should  leave  the 
intersection,  it  may  still  be  upon  the  parallel  wire  and  be  easily 
brought  back  to  the  intersection. 

In  this  way  the  observer,  looking  at  one  star  in  the  telescope 
and  keeping  it  at  the  intersection  of  the  cross-wires,  causes  the 
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rays  of  each  star  in  the  field  of  view  of  the  camera  to  continually 
fall  upon  the  same  spot  upon  the  sensitive  plate.  The  star 
images  are  thus  formed  round  and  thousands  of  faint  stars 
are  enabled  by  the  prolonged  exposure  to  produce  impressions 
which  are  capable  of  development. 

The  ordinary  form  of  camera  with  bellows  and  rack  motion  is 
not  suitable  for  this  work.  The  plate  holder  and  objective 
should  be  rigidly  connected,  so  that  the  changing  position  of  the 
camera  may  produce  no  perceptible  flexure.  The  best  form  is  per- 
haps that  of  a  rectangular  box  of  light  wood  which  may  be 
conveniently  strapped  or  fastened  with  brackets  to  the  telescope 
tube.  A  cylindrical  steel  tube  would  perhaps  be  better  were  it 
not  for  its  weight.  The  lenses  should  be  mounted  in  a  sliding 
tube  so  that  the  focusing  may  b^  done  by  pushing  them  in  or 
out  instead  of  moving  the  plate  holder.  There  should  also  for 
this  purpose  be  a  fine  scale  on  the  sliding  tube,  so  that  for  any 
picture  the  scale  reading  may  be  recorded.  Then  when  the  best 
focus  has  been  found  the  scale  may  always  be  set  at  the  proper 
reading. 

The  best  focus  must  be  found  by  experiment.  It  will  not  be 
very  far  from  the  visual  focus.  The  best  way  will  be  to  focus  as 
nearly  as  possible  with  the  stars  or  Moon  on  the  ground  glass, 
then  draw  the  objective  out  a  little,  say  one  millimeter.  Turn 
the  camera  toward  the  polar  sky  and  make  it  stationary.  Ex- 
pose for  five  minutes;  move  the  objective  in  a  little,  say  two 
tenths  of  a  millimeter;  expose  for  five  minutes  again;  move  the 
objective  in  the  same  distance  as  before;  expose  again  and  so  on 
until  eight  or  ten  exposures  have  been  made  at  different  readings 
of  the  focusing  scale,  all  without  altering  the  position  of  the 
camera.  When  the  plate  is  developed  the  star  trails  will  be 
found  to  be  broken  into  as  many  divisions  as  there  were  expos- 
ures made.  Some  one  of  these  divisions  for  each  star  will  be 
found  to  be  blacker  and  narrower  than  the  others.  The  corres- 
ponding scale  reading  will  represent  the  focus  for  that  star.  It 
will  not  be  the  same  for  stars  in  all  parts  of  the  field.  That 
should  be  selected  which  will  give  the  best  definition  over  the 
largest  portion  of  the  plate  without  sacrificing  the  central  part. 

A  number  of  very  interesting  photographs  have  been  obtained 
at  Goodsell  Observatory  with  Darlot  combination  of  lenses  of 
2%  inches  aperture  and  about  7  inches  back-focus.  The  plate 
accompanying  this  article  gives  copies  by  photogravure  of  the 
original  negatives.  In  that  of  the  constellation  Orion  the  princi- 
pal stars  will  be  easily  recognized.    The  great  nebula  is  shown  in 
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the  centre  of  the  plate.  Just  above  it  is  the  nebula  about  c 
Ononis,  which  seems  almost  to  be  a  part  of  the  great  nebula.  A 
little  higher  up  the  three  stars,  C,  s  and  ^  of  the  belt  of  Orion  are 
readily  recognized.  The  curious  nebula  about  C  which  was  first 
discovered  by  photography  is  plainly  shown.  On  the  original 
negative  this  nebula  seems  to  extend  over  the  whole  belt  and 
downward  to  the  left  past  the  great  nebula  around  S  Orionis,  be- 
yond the  star  v,  then  makes  a  great  loop  to  the  left  and  extends 
upward  and  to  the  right  as  far  as  the  comet-like  flaw  in  the  up- 
per part  of  the  plate.  The  greater  part  of  this  enormous  exten- 
sion is  so  extremely  faint  that  it  is  doubtful  whether  it  will 
appear  in  the  photogravure.  The  hundreds  of  fainter  stars 
about  the  belt  are  many  of  them,  just  below  the  limit  of  naked 
eye  vision  but  can  be  seen  with  a  good  opera-glass.  Down 
toward  the  right  is  Rigel,  surrounded  by  a  large  ring.  The  ring 
is  due  to  halation  or  reflection  of  the  light  which  was  so  bright 
as  to  penetrate  through  the  film  to  the  back  of  the  glass  plate. 
This  dBFect  may  be  avoided  by  using  the  nonhalation  plates  which 
are  now  in  the  market.  This  picture  was  taken  on  the  night  of 
Jan.  25, 1892,  with  an  exposure  of  3  hours.  A  beautiful  picture 
of  the  great  nebula  of  Orion  was  taken  at  the  same  time  with 
the  8-inch  photographic  telescope  to  which  the  camera  was  at- 
tached. The  two  were  guided  by  the  aid  of  a  second  telescope 
through  which  the  observer  looked  at  the  brightest  star  in  the 
trapezium  in  the  nebula  and  kept  it  constantly  bisected  by  a  pair 
of  cross-wires. 

The  second  picture  is  of  one  of  the  bright  patches  of  the  Milky 
Way,  put  down  on  the  maps  as  Scutum  SobiesiL  The  little  spot 
in  tiie  center  is  the  splendid  telescopic  cluster  which  we  all  enjoy 
looking  at  so  much.  By  the  cud  of  a  microscope  one  may  distin- 
guish some  of  the  stars  of  the  cluster.  In  this  picture  it  is  very 
evident  that  the  light  of  the  Milky  Way  results  from  that  of  a 
great  number  of  stars  which  are  just  beyond  the  limit  of  naked- 
eye  vision.  Examined  closely  under  the  microscope,  the  whole 
background  of  the  picture  is  in  places  filled  with  minute  stars, 
while  in  others,  it  appears  blank.  One  cannot  help  being  struck 
by  the  arrangement  of  stars  in  curved  lines  in  many  places.  This 
picture  was  taken  Aug.  18, 1893,  with  an  exposure  of  1**  50*°. 

In  both  pictures  it  will  be  noticed  that  the  stars,  though  round 
at  the  center,  are  elongated  toward  the  edges  of  the  plate.  This 
is  because  the  lenses  were  made  for  short  distance  work.  With 
lenses  especially  constructed  for  stellar  work,  good  images  should 
be  formed  over  the  whole  plate. 
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Mr.  J.  A.  Brashear,  of  Allegheny  City,  Pa.,  is  now  constructing 
a  stellar  camera  for  Goodsell  Observatory.  It  is  to  have  a  com- 
bination of  four  lenses  of  six  inches  aperture  and  the  distance 
from  the  inner  lens  to  the  plate  will  be  31  inches.  Dr.  C.  S.  Hast- 
ings calculated  the  curves  of  the  lenses  to  suit  the  particular 
glass  used.  It  is  expected  that  the  definition  will  be  good  over 
the  whole  of  a  10  X  10  plate,  which  will  take  in  an  area  of  sky 
over  15^  square.  We  hope  before  long  to  let  the  readers  of  Popu- 
lar Astronomy  see  some  of  the  work  done  by  this  new  camera. 


SUGGESTIONS  TO  AMATEURS. 


NEBULiB   AND  COMET  SEEKING. 


LEWIS  SWIFT. 


With  this  initial  chapter  I  assume  the  task  of  preparation  of  a 
monthly  series  of  papers  on  these  and  other  allied  subjects  for  the 
new  candidate  for  public  favor,  the  forthcoming  Popular  As- 
tronomy. I  undertake  this  with  the  understanding  that  my  art- 
icles shall  be  written  in  as  untechnical  language  as  possible,  being 
for  the  entertainment  and  instruction  of  amateur  astronomers 
only,  whose  observations  are  limited  to  the  use  of  telescopes  of 
from  three  inches  to  six  inches  of  aperture.  It  is,  perhaps,  need- 
less to  say  that  the  effort  is  made  a  little  difficult  by  reason  of  the 
query  of  how  well  the  objects  described  will  answer  the  illustra- 
tions when  seen  with  the  varying  instruments— larger  or  smal- 
ler—under different  atmospheric  conditions,  and  with  practiced 
or  unpracticed  eyes. 

The  number  and  variety  of  objects  under  the  head  of  nebulae 
and  clusters,  found  in  greater  or  less  profusion  in  evety  portion 
of  the  sky,  is  very  great,  aggregating  nearly  eight  thousand,  but 
of  these  only  a  few  will  come  into  the  list  of  those  within  easy, 
scrutinizing  reach  of  small  glasses.  As,  however,  many  posses- 
sors of  such  instruments  indulge  in  the  pleasant  pastime  of 
comet-seeking,  some  with  considerable  persistence,  it  is  quite  im- 
portant that  the  places  of  all  comet-appearing  nebulae  be  known 
with,  at  least,  a  tolerable  degree  of  exactness,  that  the  observer 
may  arrive  at  an  immediate  decision  whether  the  suspect  be  a 
comet  or  not,  at  which  juncture  a  catalogue  of  such  nebulae  is  in- 
dispensable, saving  all  loss  of  time  not  only,  but  preventing  the 
annoyance  to  himself  and  others  of  false  notification  of  the  dis- 


Digitized  by 


Google 


Lewis  SwiA.  31 


covery  of  a  comet  (of  whicli  many  have  come  to  me),  which, 
though  improbable,  I  have  not  thought  it  right  or  wise  to  with- 
hold from  general  telegraphic  announcement  when  cloudy  skies 
prevented  its  verification  here. 

A  case  in  point  is  the  recent  finding  and  immediate  tele- 
graphic information  to  me  of  the  discovery  of  a  naked-eye  comet 
by  Mr.  Alfred  Rordame  of  Salt  Lake  City,  Utah. 

That  his  claim  to  priority  of  discovery  may  be  tmderstood  by 
astronomers  and  also  by  the  committee  of  award  of  the  Dono- 
hue  comet  medal,  I  take,  herewith,  the  opportunity  to  reproduce 
his  dispatch  verbatim  as  received  by  me  at  4  o'clock  on  the  morn- 
ing of  July  9.  "Salt  Lake  City,  Utah,  July  8;  to  Lewis  Swift, 
Warner  Observatory,  Rochester,  N.  Y.  Naked-eye  comet;  ob- 
served 10  o'clock,  constellation  Lynx ;  no  telescopic  observation 
possible.  Alfred  Rordcune."  I  had  reasonable  doubt  as  to  the 
reality  of  his  find  as  I  had  thoroughly  searched  that  region  of  the 
heavens  but  two  evenings  previous,  but  still  deemed  it  rash  to 
keep  back  its  transmission  and,  therefore,  telegraphed  it  to  Pro- 
fessor Pickering  with  the  caution  "Verify"  before  it  should  be 
cabled  abroad. 

I  cun  thus  particular  in  transcription  and  detail  because  two 
young  men  of  Alta,  Iowa,  clcdm  to  have  seen  it  on  the  same  even- 
ing at  9^  30",  which,  with  the  hour's  di£ference  of  time  in  their 
favor,  would  give  them  priority  of  discovery  by  1%  hours.  Had 
they  made  immediate  telegraphic  notification  of  the  fact  to  some 
astronomer  they  could  clearly  have  received  the  honor  and  the 
medal  which  will,  under  existing  circumstances,  no  doubt,  now  be 
conferred  upon  Mr.  Rordame.  This  recital  will,  I  trust,  suggest 
promptness  of  action  in  the  event  of  discovery. 

Now,  when  an  amateur  astronomer,  possessing  no  catalogue  of 
nebuke,  picks  up  a  faint,  nebulous  object,  how  is  he  to  determine 
with  the  necessary  promptitude  whetiber  it  be  a  comet  or  a  neb- 
ula? Pour  principal  methods  are  available  to  the  professional 
astronomer  but  only  the  latter  two  of  these  to  the  amateur,  viz : 

1.  Often  a  first  glimpse  will  decide,  a  comet,  to  the  practiced 
eye,  appearing  unlike  any  nebula. 

2.  An  absolute  knowledge  that  no  nebula  is  there,  which  fact 
not  many  amateurs  could  know. 

3.  Visibility  of  a  tail  almost  always  opposite  the  Sun. 

4  Detection  of  motion,  which,  if  ascertained  beyond  a  doubt,  is 
a  sure  sign.  This  in  the  case  of  a  rapidly  moving  comet,  may, 
with  a  proper  appliance  in  the  eyepiece,  generally  be  detected  in 
a  few  minutes,  though  often  an  hour  and  even  longer  time  is  re- 
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quisite  for  absolute  certainty  in  this  and  for  the  rate  of  its  mo- 
tion. Though  the  object  move  but  a  hair's  breadth,  yet  that  is 
sufficient  to  prove  it  a  comet,  but  here,  under  the  stress  of  excite- 
ment, the  eye  often  plays  false.  Several  stars  may,  commonly,  be 
seen  in  the  field,  many  times  two  in  one  direction  and  other  two 
in  another,  which  will  range  with  either  the  center  or  some  part 
of  the  visible  surface  of  the  supposed  comet.  In  a  little  while  a 
very  little  motion  will  be  suspected  when,  in  all  probability,  it 
has  not  moved  at  all.  To  guard  against  this  deception  of  the 
eye,  I  long  ago  placed  in  front  of  the  center  of  the  field  lens  of  the 
eyepiece,  a  positive  (Ramsden),  a  single  horse  hair  which  the 
luminosity  of  the  sky  renders  visible  without  artificial  illumina- 
tion. The  eyepiece  when  rotated  will  quickly  find  two  stars  in 
each  of  two  directions  that  the  hair  (in  astronomical  parlance 
termed  the  wire)  will  bisect  with  the  object.  By  this  means,  a 
very  trifle  of  motion  will  declare  itself,  using,  of  course,  the  same 
comparison  stars  for  each  observation.  In  this  manner,  there  be- 
ing no  opportunity  for  eye  deception,  the  least  motion  imaginable 
and  its  direction  may  be  estimated  with  considerable  accuracy. 
If  the  eyepiece  be  a  negative  (Huyghenian)  the  hair  must  be 
attached  to  the  diaphragm  between  the  lenses. 

A  worker  among  the  nebulse  may  chance  upon  a  comet  at  the 
outset  of  his  career,  or  he  may  seek  months  and  even  years  and 
no  comet  reward  his  quest,  yet  for  many  there  is  a  seductive 
charm  in  the  work,  especially  in  the  study  of  the  resolvable  clus- 
ters which  continually  renews  enthusiasm  and  inspires  noble  and 
holy  thoughts. 

In  the  succeeding  numbers  of  this  series,  it  is  my  design  to  illus- 
trate the  objects  discussed  as  viewed  with  my  4%-inch  comet- 
seeker. 

Warner  Observatory, 
Rochester,  N.  Y.,  Aug.  1, 1893. 


A  LESSON  ON  HARVEST  MOON. 


BLIZA  A.  BOWBN. 


"The  full  Moon  that  comes  nearest  to  the  autumnal  equinox** 
(coming  in  1892  on  September  26)  "is  known  as  the  Harvest 
Moon :  the  one  next  following,  as  the  Hunter's  Moon.  At  that 
time  of  the  year,  the  Moon  while  nearly  fall,  rises  for  several  con- 
secutive nights  at  nearly  the  same  hour,  so  that  the  moonlight 
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eTenings  last  for  an  tintistially  long  time."  The  foregoing  is  Pro- 
fessor C.  A.  Young's  accotint  of  Harvest  Moon. 

Some  very  simple  observations  can  be  made  at  the  time  of  Har- 
vest Moon  which  enable  ns  easily  to  understand  its  cause.  By 
noting  every  evening  the  point  of  the  horizon  at  which  the  Moon 
rises,  it  becomes  evident  that  the  Moon's  position  is  changing 
northward  rapidly. 

The  Moon  rises  because  the  Earth's  rotation  on  its  axis  brings 
the  horizon  down  to  the  Moon ;  the  Moon  rises  later  on  consecu- 
tive evenings,  because  she  herself  revolves  round  the  Earth  in  the 
same  direction  in  which  the  Earth  rotates,  and  having  changed 
place  during  the  rotation  of  the  horizon,  it  must  rotate  a  little 
further  to  overtake  her.  But  the  facts  stated  above  show  that 
in  September  the  full  moon  travels  in  her  orbit,  not  directly  east, 
but  northeast.  A  path  or  line  directly  east  from  the  horizon 
would  be  perpendicular  to  the  horizon,  a  northeast  line  must  be 
oblique  to  the  horizon. 

The  September  full  Moon  is  traveling  on  the  part  of  her  orbit 
most  oblique  to  the  horizon.  It  is  evident  that  the  moon  travel- 
ing away  from  a  line  will  increase  its  distance  from  the  line  more 
rapidly  the  more  her  path  approaches  a  perpendicular.  In  Sep- 
tember, her  path  being  very  oblique,  she  does  not  get  far  ahead 
of  the  horizon,  and  consequently  the  horizon  loses  little  time  in 
overtaking  her  and  the  Moon  rises  nearly  at  the  same  hour  on 
consecutive  evenings. 

In  order  to  secure  genuine  activity  of  the  student's  mind  in 
teaching  this,  it  is  best  to  develop  the  subject  by  a  series  of  ques- 
tions after  the  Socratic  manner.    I  give  an  example  below. 

Is  the  Sao '8  rising  due  to  tbe  Son's  motion  ?  What  moves?  When  you  say 
that  "the  Moon  rises,"  what  moves ?  What  line  in  nature  does  the  rising  Moon 
seem  to  pass  above  ?  Is  it  the  Moon  or  the  horizon  that  moves  ?  In  what  direc- 
tion does  the  horizon  move?  Is  the  Moon  wholly  at  rest,  or  has  she  also  some 
motion  of  her  own  ?  In  what  direction  does  the  Moon  revolve  round  the  Earth  ? 
Do  the  horizon  rotating  with  the  Earth,  and  the  Moon  revolving  round  the 
Earth,  move  in  the  same  or  in  opposite  directions?  Would  the  horizon  find  the 
Moon  in  the  same  position  at  the  beginning  and  end  of  a  rotation  ?  Would  the 
Moon  at  the  end,  be  in  advance  of  her  position  at  the  beginning,  or  behind  it? 
Would  the  Moon  overtake  the  horizon  on  consecutive  evenings  sooner  or  later  ? 
Why  then  does  the  Moon  rise  later  every  evening  ? 

If  the  fun  Moon  in  September  is  found  further  north  on  every  successive  even- 
ing, can  her  path  lie  directly  east  from  the  horizon  ?  Since  she  is  found  a  little 
further  north,  and  a  little  further  east  every  evening,  what  must  be  the  direction 
of  her  path  in  September?  Would  a  northeast  line  drawn  from  the  horizon  be 
perpendicular  or  oblique  to  the  horizon  ?  Does  the  September  full  Moon  move, 
then,  on  a  path  oblique  or  perpendicular  to  the  horizon  ? 
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The  student  should  now  draw  a  horizontal  line  to  represent  the  eastern  hori- 
zon. From  it  he  should  draw  a  perpendicular  and  an  oblique  line  both  extending 
downwards.  Then  he  should  take  a  linear  measure  of  one  inch  to  represent  the 
distance  traveled  during  the  twenty-four  hours  occupied  by  the  horizon  in  making 
one  rotation.  He  should  begin  at  the  junction  of  the  lines  with  the  horizon,  and 
measure  off  this  distance  on  both  the  perpendicular  and  the  oblique  line.  We 
may  then  ask: 

On  which  path,  the  perpendicular  or  the  oblique,  would  the  Moon  reach  the 
greatest  distance  from  the  horizon  in  twenty-four  hours?  Would  the  horizon 
catch  up  with  the  Moon  sooner  when  she  is  traveling  on  a  path  perpendicular,  or 
on  one  oblique  to  the  horizon  ?  Would  the  Moon  rise  sooner  when  traveling  on 
a  path  oblique  or  on  one  perpendicular  to  the  horizon  ?  Why  does  the  full  Moon 
in  September  rise  nearly  at  the  same  hour  on  consecutive  nights  ?  What  do  you 
see  in  nature  showing  that  the  full  Moon  in  September  moves  on  a  path  oblique 
to  the  horizon  ? 

In  practice,  it  would  probably  be  found  necessary  to  add  other 
questions. 

One  very  great  advantage  in  this  method  of  explaining  Harvest 
Moon  is,  that  the  student  carl  at  any*  time  of  the  year,  in  a  class 
room  or  anywhere,  visualize  the  facts  in  nature  on  which  the  ex- 
planation depends.  To  visualize  is  to  represent  in  the  imagina- 
tion, to  see  with  the  mind's  eye.  When  the  proper  time  comes  for 
seeing  what  has  been  visualized  by  description,  he  is  almost  cer- 
tain to  be  inspired  with  a  desire  to  see  it. 

This  visualizing  can  be  carried  to  a  much  greater  extent  in 
teaching  elementary  astronomy,  and  is  of  great  importance.  It 
keeps  the  student  in  touch  with  nature. 


SHOOTING  STARS. 


How  to  Observe  them  and  What  they  Teach  us. 


W.  p.  DENNING.* 


Chapter  I.  General  Remarks. 

A  very  pretty  incident,  inseparable  from  the  contemplation  of 
the  heavens,  is  afforded  by  the  unexpected  and  silent  flight  of  a 
shooting  star.  On  a  clear  moonless  night  we  cannot  view  the 
firmament  for  any  length  of  time  before  one  of  these  fugitive 
sparks  will  suddenly  emerge  out  of  the  darkness  and,  dashing 
along  a  considerable  space,  will  then  as  quickly  disappear,  leaving 
the  observer  in  astonishment  at  the  brevity  of  the  spectacle  and 
puzzling  how  to  account  for  it.    Evetyone  must  naturally  have 

*  Bishopston,  Bristol,  England. 
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had  an  experieace  of  this  kind  and  it  is  one  which  impresses  it- 
self npon  the  memory.  When  the  observer  is  alone  and  the 
beanty  of  a  starlit  sky  tempts  him  to  gaze  upwards  the  sudden 
incursion  of  a  luminous  object  so  utterly  dissimilar  to  the  rest,  is 
a  little  apt  to  prove  startling,  besides  involving  a  mystery  which 
sets  him  thinking.  Is  it  that  a  distant  orb  has  changed  its 
place  in  the  firmament  ?  Has  it  lost  its  stability  and  hurled  itself 
upon  destruction?  Or  does  it  simply  represent  an  electric  spark 
or  an  atmospheric  phenomenon  originated  by  the  combustion  of 
gases  evolved  from  the  Earth  ?  May  it  not  have  been  a  sort  of 
celestial  igais  iktaas  of  unhappy  omen?  Questions  like  these 
are  often  suggested  to  casual  observers  of  shooting  stars,  and  it 
is  fortunate  that  they  are  capable  of  being  answered  on  the  basis 
of  observed  truths.  The  uninformed  have  sometimes  thought 
that  in  the  momentary  gleam  of  a  falling  star  they  have  wit- 
nessed the  death  of  a  world,  but  science  has  shown  that  the 
event  has  no  such  significance. 

In  the  course  of  these  papers  we  hope  to  indicate  the  method  of 
observation  usually  pursued  in  recording  shooting  stars,  and  we 
may  also  have  an  opportunity  of  glancing  at  some  of  the  leading 
iiacts  in  our  knowledge  of  these  remarkable  bodies.  They  are  not 
always  referred  to  under  the  same  title,  for  we  find  them  va- 
riously called  ** shooting  stars,"  "falling  stars,"  "meteors," 
"metcorolites,"  "meteorites,"  etc.,  but  the  terms  may  be 
r^arded  as  synonymous. 

For  many  generations  shooting  stars  were  regarded  as  atmos- 
pheric appearances,  not  reducible  to  any  well  defined  laws. 
Their  irregularities  and  brief  existence  gave  the  idea  that  the 
study  of  them  would  not  be  productive  of  any  usefiil  lessons  and 
they  were  entirely  neglected.  No  one  seems  to  have  recognized 
that  these  bodies  possessed  a  degree  of  importance  far  beyond 
what  their  visible  character  implied.  It  is  perhaps  a  little  singu- 
lar that  ancient  astronomers  did  not  pay  more  attention  to 
them,  because  they  form  a  class  of  objects  eminently  suited  for 
naked-eye  observation  and  one  on  which  they  might  have  exer- 
cised their  patience  with  much  success. 

Detached  notices  of  meteors  are,  it  is  true,  sometimes  met  with 
in  old  writings,  but  these  are  general  ones  and  contain  nothing 
but  exaggerated  outlines  of  the  events  observed.  Thus  in  Plu- 
tarch's Life  of  Julius  Oesar  it  is  stated  that  before  the  battle 
between  Caesar  and  Pompey,  "  as  Caesar  walked  the  rounds  at 
midnight  there  appeared  a  luminous  phenomenon  in  the  air  like 
a  torch  which,  as  it  passed  over  his  camp,  flamed  out  with  great 
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brightness  and  seemed  to  fall  in  that  of  Pompey."  It  is  obvious 
that  descriptions  of  this  character,  though  interesting  to  the  or- 
dinary reader  of  history,  possess  no  scientific  value. 

It  may  be  justly  said,  even  to-day,  that  there  is  no  branch  of 
astronomy  which  promises  to  unfold  more  significant  and  wide- 
reaching  facts  than  that  dealing  with  meteors.  Nor  is  there  any 
description  of  objects  more  universal  in  their  operations  or  more 
plentiful  in  numbers  than  are  to  be  found  in  meteoric  astronomy. 
Perhaps  also  we  may  be  safe  in  saying  there  is  no  department  of 
the  science  capable  of  furnishing  a  richer  harvest  of  observations 
to  the  i)ersevering  student.  Large  numbers  of  new  showers 
await  discovery,  and  there  are  important  features  relating  to 
tsome  of  the  oldest  and  best  known  systems  which  have  never 
j^etbeen  adequately  investigated.  Meteors  abundantly  pervade 
«very  region  of  the  Earth's  orbit  and  they  probably  infest  all 
space  in  an  endless  variety  of  grouping  and  orbit. 

It  cannot  be  too  lorcibly  impressed  upon  intending  observers 
that  the  utmost  precision  in  recording  meteors  is  imperative  to 
the  value  of  the  results.  Professor  Herschel  has  truly  said  that 
"great  accuracy  in  observation  alone  affords  the  key  to  the  solu- 
tion of  the  problem  presented  by  meteors  in  their  nightly  flights." 
These  statements  may  possibly  be  thought  a  little  inconsistent, 
for  everyone  must  realize  that  as  the  work  depends  merely  on  eye 
estimations  it  is  impossible  to  eliminate  errors ;  in  fact  the  nature 
of  the  research  does  not  admit  of  absolute  accuracy.  But  there 
is  no.doubt  that  with  great  care  and  with  the  aptitude  acquired 
by  long  practice  a  degree  of  exactness  may  be  ensured  that  would 
scarcely  have  been  thought  possible  in  the  face  of  the  difiiculties 
to  be  encountered.  These  can,  however,  be  successfully  overcome 
by  the  observer  of  experience  whose  eye  is  well  trained  to  the 
work,  and  whose  just  conception  and  appreciation  of  the  details 
enables  him  to  utilize  them  with  advantage. 

Before  an  observer  may  be  considered  thoroughly  proficient  he 
requires  many  months  of  habitual  work  in  watching  and  regis- 
tering meteor  paths.  It  is  quite  impossible  for  anyone  to  secure 
reliable  results,  except  in  special  cases,  until  properly  qualified  in 
the  light  of  experience.  And  this  department  is  one  where  "per- 
sonal equation"  must  operate  in  a  considerable  degree.  One 
observer,  though  he  may  have  had  no  more  practice  than  an- 
other, will  attain  far  greater  accuracy.  It  depends  in  a  great 
measure  upon  natural  ability.  We  can  only  look  for  the  best  re- 
suits  where  this  ability  and  thorough  practice  are  combined. 

For  the  reason  that  first  attempts  are  generally  untrustworthy 
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yoang  observers  are  recommetided  not  to  be  premature  in  the 
publication  of  results.  It  is  far  better  to  wait  and  to  feel  one's 
way  cautiously.  Old  observers  have  sometimes  regretted  that 
their  early  enthusiasm  prompted  them  to  record  results  which 
failed  to  stand  the  tests  applied  in  after  years. 

Though  for  many  centuries  the  proper  observation  of  these 
bodies  was  neglected,  men  at  length  were  led  to  recognize  the  im- 
portance of  submitting  them  to  systematic  study.  But  the 
early  observers  appear  to  have  been  content  to  record  their  gen- 
eral positions  and  directions  relatively  to  the  points  of  the 
compass.  Heis,  at  length,  about  50  years  ago,  saw  the  necessity 
of  being  more  precise  and  began  to  register  the  apparent  astro- 
nomical positions  of  their  paths  amongst  the  stars.  He  was 
followed  and  imitated  by  Schmidt  and  in  recent  years  observers 
generally  have  adhered  to  the  same  excellent  plan.  It  is  certainly 
far  more  precise  than  the  indefinite  method  of  our  forefathers  and 
its  adoption  has  directly  led  to  the  discovery  of  many  important 
facts  concerning  meteors. 

In  this  department  the  observer  has  not  necessarily  to  wait  cer- 
tain times  and  seasons,  for  the  fall  of  meteors  is  uninterrupted 
during  the  year  though  subject  to  decided  variations.  The  sum- 
mer and  autumn  months  are  the  most  prolific  in  these  bodies 
while  a  comparative  scarcity  prevails  in  the  winter  and  spring. 
The  morning  hours  are  the  best  in  which  to  look  for  them,  as  at 
this  period  they  are  generally  about  twice  as  numerous  as  they 
are  before  midnight. 

If  we  attentively  watch  the  heavens  for  two  or  three  hours  on 
a  fine  autumn  evening,  we  shall  certainly  notice  many  of  these 
shooting  stars,  and  it  will  soon  become  apparent  that  individu- 
ally they  oflFer  some  wide  distinctions.  They  show  no  uniformity 
in  their  directions,  positions,  magnitudes  or  motions,  in  fact 
variety  appears  to  be  a  leading  characteristic.  Their  discursive 
flights  across  the  celestial  vault  would  seem  to  suggest  nothing 
of  order  amongst  them  but  that  they  are  dispersed  indiscrimi- 
nately. Some  of  the  meteors  shoot  across  the  sky  with  great 
velocity  and  lines  of  phosphorescence  are  generated  along  their 
paths.  They  are  so  quickly  gone  that  the  eye  retains  but  a  very 
hurried  impression  of  their  appearance.  Others  move  with  com- 
parative slowness  and  we  are  enabled  to  follow  them  steadily 
and  to  watch  their  disappearance  in  a  stream  of  sparks.  And  it 
will  be  remarked  that  a  small  proportion  of  the  meteors  shoot 
upwards  so  that  the  designation  "a  falling  star"  is  not  always 
strictly  expressive  of  the  effect  observed.    In  brightness  too  a 
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singular  diversity  will  become  obvious.  Small  meteors,  which 
the  eye  can  but  just  distinguish,  are  seen  alternately  with  far 
brighter  objects,  and  a  diflFerence  of  color  is  also  very  striking  in 
many  instances.  Amid  all  this  dissimilarity  and  apparent  confu- 
sion, it  would  appear  impossible  to  introduce  anything  like 
order,  but  in  our  next  paper  we  shall  hope  to  show  that  the  com- 
plication is  really  not  so  intricate  as  it  seems,  but  that  we  may 
readily  classify  the  meteors  according  to  their  motions  and  ap- 
pearances, and  reduce  them  to  well  defined  systems. 


THE  PACE  OP  THE  SKY. 


The  following  statements  of  the  appearance  of  the  sky  are  true  for  Northfield, 
Minnesota,  at  9  o'clock,  Sept.  25th.  These  statements  will  be  equally  serviceable 
on  other  nights  if  it  be  remembered  that  for  each  preceding  evening  four  minutes 
should  be  added  to  the  time,  and  that  for  each  succeeding  evening  four  minutes 
should  be  subtracted. 

Pacing  the  north,  we  see  to  the  west  the  familiar  Big  Dipper,  standing  with  its 
base  to  the  horizon,  and  its  handle  pointing'  toward  the  brilliant  Arcturus  just 
disappearing  below  the  horizon  ( an  hour  earlier  this  beautiful  star  can  be  better 
seen ) :  the  second  star  in  the  handle  is  a  good  naked-eye  double.  Still  facing 
north,  we  see  Cassiopea's  chair  or  the  **  w  **  as  some  prefer  to  call  it.  In  this  re- 
gion we  note  a  star  cluster  which  to  the  unaided  eye  appears  as  a  nebulous  spot 
in  the  sky;  the  opera  glass  resolves  it  into  a  beautiful  cluster;  it  may  be  located 
by  using  as  pointers  y  and  6  of  Cassiopea  ( the  first  star  in  the  back  and  the  one 
next  it  in  the  seat  of  the  chair),  following  the  line  of  these  stars  away  from  the 
constellation  for  a  space  about  three  times  their  distance  apart,  we  find  the  patch 
of  haze.  Still  to  the  east  and  much  higher  in  the  heavens  is  the  great  Squnre  of 
Pegasus:  Cassiopea  is  about  half  way  between  the  northern  horizon  and  the 
constellation ;  a  line  from  the  northern  point  of  the  horizon  through  the  seat  of 
the  chair  passes  through  the  square.  It  is  possible  by  the  aid  of  this  constellation 
to  locate  an  important  point  in  the  heavens,  the  Autumnal  Equinox,  a  point 
which  no  bright  stars  mark;  by  following  the  line  of  6  and  y  (the  two  eastern 
stars  of  the  square)  for  a  distance  equal  to  the  distance  between  them,  we  come 
to  a  point  which,  if  not  the  exact  position  of  the  equinox,  is  very  near  to  it.  Now 
taking  a  line  from  this  point  through  the  pole  we  have  the  position  of  the  great 
circle  known  as  the  Equinoctial  Colure. 

Pacing  the  south,  Sagittarius  is  seen  disappearing  below  the  western  horizon. 
Much  higher  in  the  heavens  and  about  an  hour  and  a  half  past  the  meridian  is  a 
noticeable  line  of  three  stars  in  the  constellation  Aquila,  the  bright  Altair  in  the 
middle  and  a  fainter  star  on  either  side;  passing  from  the  lowest  of  these  stars  in 
a  south-westerly  direction  for  a  distance  about  equal  to  the  length  of  the  line  of 
three,  we  come  to  7  of  Aquila,  an  interesting  variable  star  which  changes  from 
3rd  to  5th  magnitude  in  a  period  of  7V^  days;  duria^  this  tim:  it  makes  four  dis- 
tinct changes  of  brightness.  To  the  east  of  Aquila  is  the  little  diamond  of  four 
stars  known  as  Job's  Coffin.  Still  higher  in  the  heavens  is  the  brilliant,  blue  Vega 
(a  Lyrac  which  twelve  thousand  years  hence  will  be  the  pole  star).  Two  faint 
stars  near  Vega  make  with  it  a  little  equilateral  triangle ;  the  farther  north  of 


Digitized  by 


Google 


Planet  Notes.  39 


these  18  e  Ljrrse,  a  difficult  naked-eye  double;  an  opera  glass  brings  out  the  two 
companions  beantifnlly,  while  a  large  telescope  shows  that  each  of  these  is  itself 
donbk.  It  is  thought  that  the  two  stars  seen  in  the  opera  glass  revolye  about 
their  common  center  in  something  Hke  a  million  3rears,  and*that  the  stars  of  each 
of  the  lesser  pairs  are  reyolying  about  their  respective  centers  the  one  in  a  period 
of  about  two  thousand  years  and  the  other  in  half  that  time. 

61  Cygni  is  a  star  of  much  interest  in  that  it  is  the  nearest  of  all  stars  visible 
in  our  latitude,  the  nearest  and  yet  believed  to  be  366,400  times  as  far  from  us  as 
is  the  Sun— a  distance  over  which  light  travels  in  6  years ;  it  is  a  5th  magnitude 
star  just  crossing  the  meridian,  and  six  degrees  south  of  the  zenith;  it  makes  a 
little  right  triangle  with  two  somewhat  brighter  stars. 

The  point  toward  which  the  solar  system  is  moving  at  a  rate,  (according  to 
latest  authority,)  of  14 V4  miles  a  second,  is  in  the  constellation  Hercules.  This 
point,  known  as  the  "Apex  of  the  Sun's  way,"  is  very  nearly  in  a  line  with  the 
two  stars,  e  Lyrse  and  Vega ;  to  locate  it,  follow  this  line  from  e  through  Vega 
about  seven  times  their  distance  apart.  Very  near  the  apex  are  two  fourth-mag- 
nitude stars,  and  not  far  away  is  one  of  the  third  magnitude. 

The  Milky  Way  may  prove  an  unending  source  of  interest  and  profit  to  the 
naked-eye  observer  as  truly  as  to  the  possessor  of  a  small  glass.  To  the  careful, 
patient  observer  on  moonless  nights  its  extent  and  interesting  detail  seem  ever 
increasing.  An  opera-glass  will  resolve  many  of  its  hazy  patches  into  star  dus- 
ters of  great  beauty. 

Later  issues  of  Populak  Astromomy  will  present  star  charts  to  aid  in  tracing 
constellations. 


PLANET  NOTES. 


Mercury  is  morning  planet  during  the  first  part  of  September,  but  rises  too 
near  the  Sun  to  be  visible  to  the  naked  eye.  On  the  20th  Mercury  will  be  at  supe- 
rior conjunction.  Toward  the  end  of  October  the  planet  will  become  visible  in 
the  evening  twilight,  just  after  sunset. 

Veutrsisthe  bright  ** evening  star"  which  is  so  noticeable  in  the  west  after 
sunset  at  this  time.  The  motions  of  the  Barth  and  Venus  are  so  related  now 
that  Venus  appears  to  recede  very  slowly  from  the  Sun,  and  will  not  be  in  very 
favorable  position  for  observation  until  the  latter  part  of  October.  Venus  will 
be  in  conjunction  with  the  Moon,  SO'  north,  Sept.  12  at  11»»  19"»  p.  m.,  central 
time,  and  again,  V  49^  north,  Oct.  13,  6»»  40»  a.  m.  On  Oct.  12,  at  8>»  89»  p.  m., 
the  star  d  Scorpii  will  be  seen  in  the  same  field  of  the  telescope  with  Venus,  the 
star  being  13'  south  of  the  planet. 

Mars  will  be  in  conjunction  with  the  Sun  Sept.  4  and  will  not  be  visible  dur- 
ing the  following  month. 

Jupiter  is  now  a  very  brilliant  object  in  the  morning  sky.  During  September 
and  October  Jupiter  will  be  in  most  excellent  position  for  observation,  especially 
during  the  latter  half  of  the  night.  The  planet  is  in  the  constellation  Taurus 
between  the  Pleiades  and  Hyades.  and  is  moving  very  slowly.  It  is  now  moving 
easward,  will  be  stationary  Sept.  19,  and  after  that  will  retrograde  slowly. 
Jupiter  will  be  in  conjunction  with  the  Mo«n  Sept.  2  at  noon,  Sept.  29  at  6^  31» 
p.  M.,  and  again  Oct.  26  at  11*»  12"  p.  if.,  central  time.  At  all  of  these  conjunc- 
tions the  Moon  will  pass  from  4^  to  5^  iK>rth  of  Jupiter. 
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Satarn  will  be  at  co^janction  with  the  San  Oct.  8,  and  will  therefore  be  inTisi- 
ble  during  the  months  of  September  and  October. 

Uranna  will  be  too  low  in  the  west  in  the  evening  to  be  well  seen.  He  will  be 
in  conjunction  with  the  Moon  2^  14'  north,  Sept.  14  at  12i>  55"  a.  m.,  and  again 
2°  24'  north,  Oct.  11  at  noon. 

Neptune  will  be  at  quadrature,  90^  west  of  the  Sun  on  Sept.  6.  The  ponition 
is  very  favorable  for  observation  especially  after  midnight.  It  is  in  Taurus  about 
14^  east  of  Jupiter,  about  2^  west  and  32^  south  of  the  5th  magnitude  star 
t  Tauri.  On  Sept.  15  Neptune  will  be  at  the  stationary  point  of  his  apparent 
path  among  the  stars  and  will  be  very  nearly  in  the  same  place  during  the  two 
months  of  September  and  October. 


Date.  R.  A. 

1893.  h       m 

Sept.      5 10  11.5 

15 11  22.5 

26 12  28.1 

Oct.       5 13  28.3 

15 14  25.8 

25 15  21.7 

Sept.      6 13  01.9 

15 13  46.2 

25 14  31.7 

Oct.       5 15  18.8 

15 16  07.6 

25 16  57.8 

Sept.     5 10  56.2 

15 11  19.8 

25 11  43.4 

Oct.       5 12  07.0 

15 12  30.7 

25 12  54.5 

Sept.     5 3  67.0 

i6 3  58.2 

26 3  58.0 

Oct.       5 3  56.4 

15 3  63.5 

25 3  49.6 

Sept,      6 12  47.1 

16 12  51.4 

25 12  65.8 

Oct.        5 13  00.0 

15 13  04.3 

25 13  08.8 

Sept.     6 14  22.3 

15 14  24.1 

25 14  26.0 

Oct,       5 14  28.2 

15 14  30.5 

25 14  32.9 


Planet  Tables. 

MBRCURY. 

Decl. 

RiAM. 

Transits. 

Sets. 

o         / 

h    m 

h 

m 

h    m 

--12  49 
--    5  56 

4   17  A.M. 

11 

11.4  a.m. 

6  05  P.  M, 

5  17     " 

11 

42.8     " 

6  09     •* 

-    1  56 

6  14     " 

12  08.9  p.m. 

6  04     ** 

-    9  21 

7  04    " 

12  29.7     " 

5  55     " 

-15  46 

7  50     " 

12  47.8     " 

5  46     •* 

-20  47 

8  29     " 

1  04.1     " 

5  39     ** 

VENUS. 

-    6  16 

8  24  a.m. 

2 

01.3  P.  M. 

7  39  P.  M. 

-11  13 

8  49     *' 

2 

06.2     " 

7  21     *• 

-15  46 

9  14    " 

2 

12.2     *• 

7  10    •* 

-  19  43 

9  40     •* 

2 

19.9     •* 

7  10     " 

-22  53 

10  04    " 

2 

29.2     " 

6  54     " 

-25  04 

10  26     " 
MARS. 

2 

39.9     " 

6  54     " 

-f    7  57 

5  24  a.m. 

11 

58.3  A.  M. 

6  32  p.m. 

+    5  26 

5  19     " 

11 

42.5     " 

6  06    " 

+    2  53 

5   13     " 

11 

26.7    •* 

5  40    •* 

-f    0  16 

5  07     '* 

11 

10.9     •• 

5  14    •* 

-     2  23 

5  02     " 

10 

55.3     " 

4  48    •* 

-    4  56 

4  57     " 
JUPITER. 

10 

39.7     " 

4  23    " 

4-19  22 
--19  24 

9  30  p.m. 

4 

53.9  A.  M. 

12  17p.m. 

8  52     *' 

4 

15.8     •' 

11  39  a.m. 

-f  T9  22 

8  13     •* 

3 

36.3     " 

11  00    " 

-  - 19  17 

7  32     "    • 

2 

55.4    ** 

10  18    " 

--19  08 

6  51     '• 

2 

13.2    ♦• 

9  35    •* 

-fl8  55 

6  09     " 
SATURN. 

1 

29.9     " 

8  51    " 

-     2  36 

7  54  a.m. 

1 

46.6  P.  M. 

7  39  P.  M. 

-     3  04 

7  21    »• 

1 

11.5     ** 

7  02     " 

-     3  32 

6  48    " 

12 

36.5     *' 

6  25     " 

-     3  59 

6  15    •* 

12 

01.7    " 

5  48     " 

-    4  26 

5  42    •' 

11 

26.9  A.  M. 

5  12     " 

-    4  53 

5  09    ** 
URANUS. 

10 

52.1    " 

4  35     " 

-13  44 

10  15  a.m. 

3  21.5  p.m. 

8  28  P.  M 

-13  53 

9  38    •* 

2 

44.0     " 

7  50    " 

-14  03 

9  01    •♦ 

2 

06.6     •« 

7  12    " 

-14  14 

8  25    " 

1 

29.6     " 

6  34    " 

-14  25 

7  48     •• 

12 

52.5     " 

5  56    " 

-14  37 

7  #12     " 

12 

15.5     •* 

5  19    " 
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Date.  R.  A. 

1893.  h       m 

Sept.     6 4  49.4 

16 4  49.6 

26 4  49.4 

Oct.       6 4  49.0 

16 4  48.4 

25 4  47.7 

Sept.      5 10  58.6 

15 11  34.6 

25 12  10.6 

Oct.       5 12  46.7 

35 13  28.6 

25 14  01.6 


Decl. 

o         / 

+  20  56 
4-20  66 
4-20  66 
4-20  54 
4-20  62 
4-20  51 


+ 
4- 


6  33 
2  46 
1  09 

-  6  02 

-  8  48 
-12  22 


NBPTUNB. 
Rises, 
h     m 

10  16  p.m. 
9  36  " 
8  67  " 
8  17  " 
7  38  " 
6  58    " 

THB  SUN. 

6  29  a.m. 
5  41    " 

5  62    " 

6  04  " 
6  17  " 
6  30    " 


Transits, 
h       m 

6  46.1  A.  M. 
5  06.9  " 
4  27.6  " 
3  47.8  *• 
3  07.9  '• 
2  27.9    " 


11  58.4  a.m. 

11  54.9    " 

11  51.4    " 

11  48.2    " 

11  45.7    " 

11  44.1     «• 


Sets, 
h     m 

1  17  p.m. 
12  38    " 
11  58    " 
11  19    " 
10  38    " 

9  58    " 


6  28  p.m. 
6  09  •' 
5  50  " 
5  32  " 
5  14  •• 
4  58    " 


Minima  of  Variable  Stars  of  the  Al^l  Type. 


U  CEPHBI. 

K.  A. 0»>62«32» 

Decl H-81«»   17' 

Period 2d  11>»50« 


Sept. 


Oct. 


4 

9 

14 

19 

24 

29 

4 

9 

12 

14 

17 

19 

22 

27 


9  p.m. 
8    " 
8    ** 
8    " 
7    " 
7    " 
7    " 
6    " 
6  a.m. 
6  p.m. 
6  a.m. 
6  p.m. 
6  a.m. 
6    •' 


ALGOL. 

R.  A S^    1»    1» 

Decl 4-  4-0**  32' 

Period 2d  40'»49- 


Sept.  15 
17 
20 
23 
5 
8 
.10 
13 
28 
30 


Oct 
Oct 


3  a.m. 
midn. 
9  p.m. 
6    " 

6  a.m. 
2    " 
11  P.  M. 
8    " 

4  a.m. 
midn. 


R.  CANIS  MAJORIS 

R.  A 7*»  14»  30* 

Decl .—  16°     11' 

Period Id   S^  16" 

Sept.    1         4  a.m. 


U  OFHIUCHI,  CoNT. 


9 

3    " 

10 

6    *• 

17 

2     " 

18 

o     " 

26 

4    " 

27 

7    '' 

Oct.     4 

3     •« 

5 

6    " 

12 

2    " 

li 

5    " 

21 

4    •• 

Oct.  22 

7  a.m. 

29 

3    •• 

30 

6    *' 

U  CORON.45. 

R.  A 15^  13"  43» 

Decl +  32*>    03' 

Period 2d  10>»51- 

Sept.   8       tnidn. 


15 

10  p.  M. 

22 

7    " 

Oct.  23 

9    " 

30 

7    " 

X  TAURI. 

R.  A ....3»»  54»  35» 

Decl +  12*»11' 

Period 3c/22J»52» 

Oct.  18  6  A.  M. 

22         5    " 
26         3  A.  M. 
30         2    " 


U  OPHIUCHL 

R.  A 20>»47»40» 

Decl +  34°    15' 

Period Id  11>»  57" 


Sppt. 


1 

2 

6 

7 

11 

12 

17 


10  P.  M. 
6    " 

10  " 

6  •*' 

11  " 

7  " 

8  *• 


22 

8 

27 

9 

Oct.     2 

10 

3 

6 

7 

11 

Oct.    8 

7  p.m. 

13 

8 

« 

18 

8 

« 

23 

9 

<i 

29 

10 

<i 

30 

6 

•c 

Y  CYGNI 

R.  A 

...20»»  47«  40* 

Decl 

....+  34°  15' 

Period 

....l<fll>»57» 

Sept.   2 

3  a.m. 

5 

3 

»• 

8 

3 

« 

11 

3 

»< 

14 

3 

II 

17 

3 

(1 

20 

3 

II 

23 

2 

II 

26 

2 

l< 

29 

2 

If 

Oct.     2 

2 

l< 

5 

2 

l< 

8 

2 

c» 

11 

2 

II 

14 

2 

•1 

17 

2 

l< 

20 

2 

11 

23 

2 

II 

26 

1 

II 

29 

1 

II 
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Phenomena  of  Jupiter's  Satellites. 

h     m 

Sept.  1  12  28  A.  M.  II  Ec.  Re.               Sept 

12  58     "  II  Oc.  Dis. 

3  16     "  II  Oc.  Re.               Oct. 

2  9  23  P.  M.  II  Tr.  Eg. 

3  4  00  A.  M.  I  Sh.  In. 

4  1  11     **  I  Ec.  Dis. 
10  29  P.  M.  I  Sh.  In. 


11  60     "  I  Tr.  In. 

6  12  41  A.  M.  I  Sh.  Eg. 

2  01     ••  I  Tr.  Eg. 
11  09  P.  M.  I  Oc.  Re. 

7  3  06  A.  H.  Ill  Ec.  Dis. 

8  12  51     •*  II  Ec.  Dis. 

3  05     "  II  Ec.  Re. 
3  30     "  II  Oc.  Dis. 

9  9  18  P.  M.  II  Sh.  Eg. 
9  37     *•  II  Tr.  In. 

11  63     •*  II  Tr.  Eg. 

10  10  42     "  III  Tr.  In. 

11  12  02  A.  M.  Ill  Tr.  Est. 

3  06     "  I  Ec.  Dis. 

12  12  22     "  I  Sh.  In. 

1  41     •'  I  Tr.  In. 

2  36     "  I  Sh.  Eg. 

3  52     "  I  Tr.  Eg. 
9  33  P.  M.  I  Ec.  Dis. 

13  1  00  A.  M.  I  Oc.  Re. 
9  03  P.  M.  I  Sh.  Eg. 

10  20     "  I  Tr.  Eg. 

15  3  27  a.m.  II  Ec.  Dis. 

16  9  33  P.  M.  II  Sh.  In. 

11  54     "  II  Sh.  Eg. 

17  12  06  A.  M.  II  Tr.  In. 

2  21     "  II  Tr.  Eg. 
9  13  p.  M.  Ill  Sh.  In. 

10  67     "  III  Sh.  Eg. 

18  2  28  A.  M.  Ill  Tr.  In. 

3  46     "  III  Tr.  Eg. 
9  28  P.  M.  II  Oc.  Re. 

19  2  17  A.  M.  I  Sh.  In. 
3  31     "  I  Tr.  In. 

11  27  P.  M.  I  Ec.  Dis. 

20  2  50  A.  M.  I  Oc.  Re. 

8  46  P.  M.  I  Sh.  In. 

9  68     "  I  Tr.  In. 

10  67     ••  1  Sh.  Eg. 

21  12  09  A  M.  I  Tr.  Eg. 

9  17  P.  M.  I  Oc.  Re. 

24  12  09  A.  M.  II  Sh.  In. 

2  30     "  II  Sh.  Eg. 

2  32     •*  II  Tr.  In. 

26     1  13     "  III  Sh.  In. 

2  57     "  III      Eg.Sh. 

9  34  P.M.  II  Ec.  Re. 

9  38     •*  II  Oc.  Dis. 

11  53     "  II  Oc.  Re. 

26  4  11  A.  M.  I  Sh.  In. 

27  1  21     ••  I  Ec.  Dis. 
10  39  P.  M.  I  Sh.  In. 
1147     "  I  Tr.  In. 

28  12  51  A.  V  I  Sh.  Eg. 

1  68     ••  I  Tr.  Eg. 


h    m 

;  28     9  00  p.  M. 

III 

Oc.  Re. 

11  06     •• 

I 

Oc.  Re. 

1     2  45  A.  M. 

II 

Sh.  In. 

2     9  55  P.  M. 

II 

Ec.  Dis. 

3     2  15  A.  M. 

II 

Oc.  Re. 

4     8  23  p.  M. 

II 

tr.  Eg. 

5  12  33  A.  M. 

I 

Sh.  In. 

1  34     •* 

I 

Tr.  In. 

2  45      ** 

I 

Sh.  Eg. 

3  45      " 

I 

Tr.  Eg. 

8  36  P.  M. 

II 

Ec.  Re. 

9  44     " 

I 

Ec.  Dis. 

11  19      " 

III 

Oc.  Dis. 

6  12  32  A.  M. 

III 

Oc.  Re. 

12  63      ** 

I 

Oc.  Re. 

8  01  p.  M. 

I 

Tr.  In. 

9  14      •• 

I 

Sh.  Eg. 

10  12      ** 

I 

Tr.  Eg. 

10  12  30  A.  M. 

II 

Ec.  Dis. 

11     8  29  P.  M. 

II 

Tr.  In. 

9  00      '* 

II 

Sh.  Eg. 

10  44     " 

II 

Tr.  Eg. 

12     2  27  A.  M. 

I 

Sh.  In. 

3  21      " 

I 

Tr.  In. 

4  39      " 

I 

Sh.  E^. 

11  07  P.  M. 

III 

Ec.  Dis. 

11  38      " 

I 

Ec.  Dis. 

12  37      *• 

III 

Ec.  Re. 

13     2  48  A.  M. 

I 

Oc.  Re. 

2  48      " 

III 

Oc.  Dis. 

4  00      " 

III 

Oc.  Re. 

8  55  P.  M. 

I 

Sh.  In. 

9  47      " 

I 

Tr.  In. 

11  08      " 

I 

Sh.  Eg. 

11  58      *• 

I 

Tr.  Eg. 

14     9  06      •* 

I 

Oc.  Re. 

17     3  05  A.  M. 

II 

Ec.  Dis. 

18     9  17  p.  M. 

II 

Sh.  In. 

10  49      •• 

II 

Tr.  In. 

11  37      '* 

II 

Sh.  Eg. 

19     1  04  A.  M. 

II 

Tr.  Eg. 

4  21      *' 

I 

Sh.  In. 

20     1  32      " 

I 

Ec.  Dis. 

3  07      " 

III 

Ec.  Dis. 

4  25      *' 

I 

Oc.  Re. 

4  37      " 

III 

Ec.  Re. 

8  02  P.  M. 

II 

Oc.  Re. 

10  50      '• 

I 

Sh.  In. 

11  33      " 

I 

Tr.  In. 

21     1  02  A.  M. 

I 

Sh.  Eg. 

144     " 

I 

Tr.  Ejr. 
Ec.  Dis. 

8  01  P.  M. 

I 

10  52      •* 

I 

Oc.  Re. 

22     7  30      " 

I 

Sh.  Eg. 

8  10      " 

I 

Tr.  Eg. 

23     7  00     " 

III 

Sh.  Eg. 

8  07      " 

III 

Tr.  In. 

9  20     " 

III 

Tr.  Eg. 

26  11  53     " 

II 

Sh.  In. 

26     1  06  A.  M. 

II 

Tr.  In. 

2  14      " 

II 

Sh.  Eg. 

1 

II 

Tr.  Eg. 
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Oct. 

27     8  27     "          I 

Ec.  Dis 

7  12  p. 

M.        I     Sh.  In. 

6  68  p.  M.      II 

£c.  Dis 

,, 

743 

I     Tr.  In. 

10  18      '•         II 

Oc.  Ke. 

9  24 

I     Sh.  Eg, 

28  12  44  A.  M.        I 

Sh.  III. 

964 

I     Tr.  Eg. 

1  17      *•          I 

Tr.  In. 

30     7  02 

I     Oc.  Re. 

2  66      "           I 

Sh.  i-:g 

9  14 

••       III     Sh.  In. 

3  28      "           I 

Tr.  Eg. 

11  00 

"       III     Sh.  Eg. 

9  66  r.  M.        I 

Ec.  Dis 

11  20 

'*       III     Tr.  In. 

29  12  36  A.  M.        1 
^nfij^nration  of  Ju] 

Oc.  Re. 

31  12  39  A. 

M.     Ill     Tr.  Eg. 

c< 

liter's  Satellites  at  Midnig^ht  Central  Time. 

Sept. 

Sept. 

Oct. 

I 

14023 

22 

I 

0 

234              " 

2f  3  0   I  4 

2 

20143 

23 

0 

2134          " 

23104 

3 

21304 

24 

2  I 

0 

3  4                 13 

«  4  0  2  3 

4 

30124 

*l 

3 

0 

1  4  •            14 

40123 

5 

3  0  2  4  # 

26 

3  I 

0 

42                  15 

42103 

6 

23104 

27 

342 

0 

I                     16 

42301 

7 

20134 

28 

4  2 

0 

I  3                 17 

43102 

8 

10243 

29 

4  I 

0 

23               18 

43021 

9 

If   0  4  I  3 

30 

4 

0 

2  13             »9 

42310 

10 

U  2  4  t  0 

Oct. 

20 

40123 

II 

43012 

I 

4  2  1 

0 

3                    21 

4  0  2  3  # 

12 

43029 

2 

432 

0 

I                    22 

21043 

13 

43210 

3 

34  I 

0 

2                    23 

23014 

«4 

42013 

4 

342 

0 

I                    24 

31024 

«5 

4  1   C  2  3 

5 

2  3 

0 

4  •                25 

30214 

i6 

40213 

6 

I 

0 

234             26 

23104 

»7 

24103 

7 

0 

1234          27 

0   1  3  4# 

i8 

30421 

8 

2  I 

0 

3  4                 28 

0  2  4  3# 

19 

31024 

9 

3  2 

0 

I  4                 29 

21043 

20 

ir  3  2  C  4 

10 

3  I 

0 

24                 30 

2£  2  4  0   I 

21 

20134 

PhaA 

31 

4  3  «  0  2 

ee  and  Aspects  of  the  Moon. 

, 

d 

h    m 

Apogee , 

,.,„ 



....       Sept.  17 

8  18      '• 

First  Quarter , 

"     17 

10  19  P.  M. 

Pull  Moon , 

"    25 

2  23      •• 

P^g^ 

••.•«••.•..••> 

„ 

....1 

"    29 

9  48  A.  M. 

Last  Quarter , 

Oct.     2 

9  19      " 

New  Moon 

!*..!...*.....!. 

....! 

••       9 

2  27  P.  M. 

Apogee 

„ ,, 

•*    16 

4  00   A.  M. 

First  Quarter 



••     17 

6  20  P.  M. 

Full  Moon , 

"     25 

1  28    A.  M. 

Perigee 

•..•••... 

•••......••• 

.*••< 

"    27 

12  30      *' 

I^st  Quarter 

•*    31 

4  42  P.  M. 

Occultf 

itions  Visible  at  Washington. 

IMMERSION            BMBRSION 

Date                Star't 

Maffni- 

WatbioK- 

Anffle      Wa«bin« 

:-  AnRlc 

.  f'm  N  pt.  Duration. 

1898.               Name. 

fade. 

ton  M.  T 

'.  1 

f 'm  N  pt.  ton  M.  T 

h      m 

»            h     ni 

0           h      m 

Sept.  23    74  Aqaarii..., 

....6.0 

7    39 

39         8    62 

265       1    13 

24    24  Piscium  ... 

....6.1 

15    42 

17       16    31 

276        0    49 

28    6  Arietis 

....4.0 

8    26 

63         9    19 

243        0    63 

28    r»  Arietis , 

....6.0 

13    32 

34       14    41 

265        1    09  • 

Oct.     1    49AuriKfle.... 

...6.7 

16    17 

113       16    28 

241        1    11 

2    r  Geniinorum.4.3 

14    03 

36       14    39 

327       0    36 

17    b  Sagittarii. 

....4.6 

6    U6 

134         6    63 

194       0    4.7 

20    66  Aquarii... 

....6.3 

6    41 

82         6    66 

213       1     14 

21    1^'  Aquarii..., 

....4.1 

3    68 

80         6    01 

224       1    03 

23    C  Piscium 

....4.8 

16    42 

44       17    33 

266       0    61 

26    36Tauri 

....6.0 

16    48 

106       16    61 

227       1    03 
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h      m 

Sept.  1  12  28  A.  M.  II  Ec.  Re. 

12  58     *»  II  Oc.  Dis. 

3  16     •'  II  Oc.  Re. 

2  9  23  P.  hi.  II  Tr.  Eg. 

3  4  00  A.  H.  I  Sh.  In. 

4  1  11     '*  I  Ec.  Dis. 

10  29  P.  M.  I  Sh.  In. 

11  60     "  I  Tr.  In. 

5  12  41  A.  M.  I  Sh.  Eg. 

2  01     •*  I  Tr.  Eg. 
11  09  P.  M.  I  Oc.  Re. 

7  3  06  A.  M.  Ill  Ec.  Dis. 

8  12  51     **  II  Ec.  Dis. 

3  05     •*  II  Ec.  Re. 
3  30     *•  II  Oc.  Dis. 

9  9  18  P.  M.  II  Sh.  Eg. 
9  37     *•  II  Tr.  In. 

11  53     "  II  Tr.  Eg. 

10  10  42     "  III  Tr.  In. 

11  12  02  A.  M.  Ill  Tr.  Est. 

3  05     "  I  Ec.  Dis. 

12  12  22     "  I  Sh.  In. 

1  41     "  I  Tr.  In. 

2  35     "  I  Sh.  Eg. 

3  52     "  I  Tr.  Eg. 
9  33  P.  M.  I  Ec.  Dis. 

13  1  00  A.  M.  I  Oc.  Re. 
9  03  p.  M.  I  Sh.  Eg. 

10  20     "  I  Tr.  Eg. 

15  3  27  A.  M.  II  Ec.  Dis. 

16  9  33  p.m.  II  Sh.  In. 

11  54     ••  II  Sh.  Eg. 

17  12  06  A.  M.  II  Tr.  In. 

2  21     '*  II  Tr.  Eg. 
9  13  P.  M.  Ill  Sh.  In. 

10  57     "  III  Sh.  Eg. 

18  2  28  A.  M.  Ill  Tr.  In. 

3  46     "  III  Tr.  Eg. 
9  28  P.  M.  II  Oc.  Re. 

19  2  17  A.  M.  I  Sh.  In. 
3  31     "  I  Tr.  In. 

11  27  P.  M.  I  Ec.  Dis. 

20  2  50  A.  M.  I  Oc.  Re. 

8  45  P.  M.  I  Sh.  In. 

9  58     "  I  Tr.  In. 

10  57     •«  1  Sh.  Eg. 

21  12  09  A  M.  I  Tr.  Eg. 

9  17  P.  M.  I  Oc.  Re. 

24  12  09  A.  M.  II  Sh.  In. 

2  30     **  II  Sh.  Eg. 

2  32     "  II  Tr.  In. 

25  1  13     "  III  Sh.  In. 
2  57     "  III  Eg.Sh. 
9  34  P.M.  II  Ec.  Re. 
9  38     •*  II  Oc.  Dis. 

11  53     •*  II  Oc.  Re. 

26  4  11  A.  M.  I  Sh.  In. 

27  1  21     ••  I  Ec.  Dis. 
10  39  P.  M.  I  Sh.  In. 
1147     "  I  Tr.  In. 

28  12  51  A.  V  I  Sh.  Bg. 

1  68     ••  I  Tr.  Eg. 


h    m 

Sept  28     9  00  p.  M.  Ill  Oc.  Re. 

11  06    •'  I  Oc.  Re. 

Oct.     1     2  45  A.  M.  II  Sh.  In. 

2  9  55  p.  M.  II  Ec.  Dis. 

3  2  15  A.  M.  II  Oc.  Re. 

4  8  23  p.  M.  II  tr.  Eg. 

5  12  33  A.  M.  I  Sh.  In. 

1  34     •*  I  Tr.  In. 

2  45     **  I  Sh.  Eg. 

3  45     "  I  Tr.  Eg. 

8  36  p.  M.  II  Ec.  Re. 

9  44     "  I  Ec.  Dis. 

11  19     •*  III  Oc.  Dis. 

6  12  32  A.  M.  Ill  Oc.  Re. 

12  63      *•  I  Oc.  Re. 

8  01  p.  M.  I  Tr.  In. 

9  14     ••  I  Sh.  Eg. 
10  12     *'  I  Tr.  Eg. 

10  12  30  A.  M.  II  Ec.  Dis. 

11  8  29  p.  M.  II  Tr.  In. 
9  00     **  II  Sh.  Eg. 

10  44     "  II  Tr.  Eg. 

12  2  27  A.  M.  I  Sh.  In. 

3  21      "  I  Tr.  In. 

4  39     "  I  Sh.  Eg. 

11  07  p.  M.  Ill  Ec.  Dis. 

11  38     ••  I  Ec.  Dis. 

12  37     *•  III  Ec.  Re. 

13  2  48  A.  M.  I  Oc.  Re. 

2  48     "  III  Oc.  Dis. 
4  00     "  III  Oc.  Re. 

8  55  p.  M.  I  Sh.  In. 

9  47  "  I  Tr.  In. 
11  08  "  I  Sh.  Eg. 
11  58     *•  I  Tr.  Eg. 

14  9  06      •'  I  Oc.  Re. 

17  3  05  A.  M.  II  Ec.  Dis. 

18  9  17  p.m.  II  Sh.  In. 

10  49     »•  II  Tr.  In. 

11  37     '•  II  Sh.  Eg. 

19  1  04  A.  M.  II  Tr.  Eg. 
4  21      **  I  Sh.  In. 

20  1  32     "  I  Ec.  Dis. 

3  07     "  III  Ec.  Dis. 

4  25  "  I  Oc.  Re. 
4  37  "  III  Ec.  Re. 
8  02  P.  M.  II  Oc.  Re. 

10  50     »*  I  Sh.  In. 

11  33     •*  I  Tr.  In. 

21  1  02  A.  M.  I  Sh.  Eg. 

1  44  "  I  Tr.  Eg. 
8  01  p.  M.  I  Ec.  Dis. 

10  52     •*  I  Oc.  Re. 

22  7  30     "  I  Sh.  Eg. 
8  10     "  I  Tr.  Eg. 

23  7  00     "  III  Sh.  Eg. 

8  07     "  III  Tr.  In. 

9  20     "  III  Tr.  Eg. 

25  11  53      "  II  Sh.  In. 

26  1  06  A.  M.  II  Tr.  In. 

2  14     "  II  Sh.  Eg. 

1  II  Tr.  Eg. 
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Oct.  27 


28 


29 


3  27      " 

Ec.  Dis. 

6  68  p.  M. 

II 

£c.  Dis. 

10  18      " 

II 

Oc.  Kc. 

12  44  A.  M. 

Sh.  In. 

1  17      " 

Tr.  In. 

2  56      " 

Sh.  i-:k. 

8  28      " 

Tr.  Eg. 

9  56  P.  M. 

Ec.  Dis. 

12  36  A.  M. 

Oc.  Re. 

7  12  p.m.  I  Sh.  In. 
Tr.  In. 
Sh.  Eg. 
Tr.  Eg. 
Oc.  Re. 
Sh.  In. 
Sh.  Eg. 
Tr.  In. 
Tr.  Eg. 


743 

»t 

I 

9  24 

*• 

I 

9  54 

*• 

I 

30     7  02 

•t 

I 

9  14 

•• 

III 

11  00 

<i 

III 

11  20 

ti 

III 

31  12  39  A 

.  M. 

III 

Config^nration  of  Jupiter's  Satellites  at  Midnig^ht  Central  Time. 

Sept.  Sept.  Oct. 

I           14023                22               10234             II  2^3014 

a              20143             23                  02134         12  23104 

3  21304                   24           21034                13  2^4023 

4  30124             25               30i4#            14  40123 

5  3024#            26           3»042                 'S  42103 

6  23104                    27        34201                    16  42301 

7  20134             28           42013                 17  43102 

8  10243             29           41023               18  43021 

9  2f04«3             30               40213             19  42310 

10  K  2  4  I  O                     Oct.                                             20  •            40123 

II.       43012                   I        42103                    21  4023# 

12           43029                 2        43201                    22  21043 

1343*^0                          3        34102                    23  23014 

14  42013                   4        34201                    24  3*024 

15  41023                   5            2304#               25  30214 

16  40213               6               10234             26  23104 

17  2  4  I  O  3                       7                   01234         27  O   1  3  4# 

18  30421               8            21034                28  024  3# 

19  3>024                   9            32014                29  21043 

20  2£32C4  10  31024  302^2401 

21  20134              3«  43102 

Phases  and  Aspects  of  the  Moon. 

d  h    m 

Apogee Sept.  17  8  18     " 

First  Quarter "     17  10  19  P.M. 

Fall  Moon •*    25  2  23      •* 

P«ni|ew "29  9  48  A.M. 

Last  Quarter Oct.     2  9  19     •* 

New  Moon •*       9  2  27  p.  M. 

Apogee **    15  4  00  a.  m. 

First  Quarter "    17  5  20  p.  m. 

Full  Moon "    23  1  28  A.  m. 

Perigee "    27  12  30     '* 

I^st  Quarter "    31  4  42  P.  M. 


Occnltations  Visible  at  Washington. 


Date 
1893. 


8tar*t 
Name. 


Mainit- 
fndc. 


Sept. 


Oct. 


23 
24 
28 
28 
1 
2 
17 
20 
21 
23 
26 


74  Aquarii 6.0 

24  Piscium 6.1 

6  Arietis 4.0 

r»  Arietis 6.0 

49  Aurigae 5.7 

r  Geininorufn.4.3 

b  Sagittarii 4.6 

66  Aquarii 6.3 

1^'  Aquarii 4.1 

C  Piscium 4.8 

36  Tauri 6.0 


IMMERSION 
Watbing-     Anirle 
ton  M.  T.    f  *ni  N  pt. 

h 

7 


39 

15  42 
8    26 

13  32 

16  17 

14  03 


5 
5 
3 


06 
41 
68 


16    42 
15    48 


39 
17 
63 
34 

113 
35 

134 
82 
80 
44 

105 


BMBRSION 
Watbinjc-   Anide 
ton  M.  T.  fm  N  pt.  Duration. 

h  ni 


8  62 
16  31 

9  19 
14  41 

16  28 
14  39 

6  63 

6  56 

6  01 

17  33 
16  61 


256 
276 
243 
265 
241 
327 
194 
213 
224 
266 
227 


h 
1 
0 
0 
1 
1 
0 
0 

1 

1 

0 

1 


13 
49 
53 
09 
11 
36 
47 
14 
03 
51 
03 
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COMET  NOTES. 


There  are  no  comets  known  to  be  visible  with  small  telescopes  at  the  time  of 
this  writing,  and  in  fact  it  is  doubtful  whether  any  will  be  visible  in  the  lar^re 
telescopes  by  the  time  this  number  of  Popular  Astronomy  reaches  our  readers. 
The  last  discovered  comet,  b  1893,  commonly  named  after  two  independent  dis- 
coverers, Rordame-Qoenisset,  is  rapidly  receding  from  the  Earth  and  Sun,  and  at 
the  same  time  being  hidden  in  the  evening  twilight. 

It  is  an  interesting  fact  that  this  comet  was  observed  by  Mr.  W.  E.  Sperra, 
'an  amateur  astronomer  of  Randolph,  Ohio,  for  over  two  weeks  before  it  was 
discovered  by  Rordame.  The  former  mistook  the  new  comet  for  Pinlay's  periodic 
comet  on  June  20,  when  it  was  in  Right  Ascension  2*»  43™,  Declination  17**  30'  N. 
and  observed  it  on  eleven  nights  before  July  8.  Not  having  at  hand  an  ephemeris 
of  Pinlay*8  comet  covering  that  period  of  time,  he  did  not  find  out  his  mistake 
until  it  was  too  late  to  claim  the  honor  of  discovery. 


Comet  b  189.3.— This  comet  was  first  noticed  at  this  place  by  me  about 
9:30  P.M.,  July  7th,  appfaring  as  a  large,  hazy  star  without  visible  tail,  but 
its  true  nature  was  not  then  suspected.  My  first  telescopic  observations  were  ob- 
tained on  July  9th.  when  the  comet  was  a  fine  object  in  my  3-inch  glass,  the 
coma  was  large  and  bright  with  a  strons:  central  condensation ;  for  about  4  or  5 
degrees  from  the  •*head"  the  train  was  fully  as  bright  as  the  coma  and  well  de- 
fined at  the  edges,  from  thence  it  faded  gradually  but  could  be  traced  curving 
slightly  to  the  N.  N.  E.  for  a  distance  of  about  15  degrees ;  a  minute  tail  was  sus- 
pected on  the  east  side  of  the  coma  close  to  the  main  train. 

July  lOtli :  The  train  could  be  traced  for  only  about  12  degrees  to-night,  it  is 
wider  and  less  bright  and  not  as  well  defined  at  the  edges  near  the  head,  the  coma 
also  does  not  appear  as  distinct  as  on  last  evening.  11th :  Appearance  about  the 
same  as  last  night,  train  could  be  traced  about  17  degrees.  12th :  The  comet  is 
much  more  distinct  to-night,  the  coma  is  brighter  and  apparently  slightly  oval, 
and  nucleus  quite  bright,  train  about  22  degrees  in  length.  13th:  Train  ap. 
pears  much  shorter  and  narrower  and  is  somewhat  'fainter,  coma  also  appears 
smaller  and  the  nucleus  very  stellar,  train  about  13  degrees.  14th:  Train  very 
faint  and  difficult  with  the  naked  eye  being  visible  for  only  about  5  degrees,  coma 
about  the  same  as  on  last  evening  but  nucleus  seems  more  stellar.  17th:  Train 
faint  about  3  degrees  in  length.  At  11  p.  m.  a  minute  condensation  of  light  was 
detected  about  "W  from  t^e  coma  which  proved  to  be  a  small  star  when  it 
emerged  from  behind  the  tail,  it  appeared  very  diffused  seen  through  the  tail. 
18th :  The  comet  is  much  brighter  to-night  than  it  has  been  for  several  nights, 
the  train  is  more  defined  for  a  longer  distance  even  with  the  strong  moonlight. 
19th:  Coma  decreasing,  train  could  be  traced  only  about  1^.  25th:  Coma 
bright  with  apparently  larger  nucleus  which  did  not  appear  stellar.  28th : 
Coma  bright,  faint  tail  only  about  W*  long,  no  bright  nucleus  could  be  seen. 
August  3d :  Nucleus  decidedly  stellar,  comet  is  now  only  about  ^  degree  long, 
but  still  a  conspicuous  object  in  3-inch  telescope.  Aug.  13th:  Comet  is  much 
smaller  and  appears  somewhat  elongated  although  no  train  or  nucleus  could 
with  certainty  be  seen. 

As  far  as  my  observations  go  the  comet  appeared  at  its  best  as  regards 
brightness  and  distinctness  of  coma  and  a  portion  of  train  on  the  evening  of  July 
9th,  while  the  train  reached  its  maximum  length,  about  22°,  on  the  12th. 

DAVID  B.  HADDBN. 

Alta,  Iowa,  August  16th,  1893. 
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GBNERAI^  NOTES. 


This  namber  was  delayed  a  few  days  more  than  anticipated  because  the  en- 
graving work  was  behind  time.  We  expect  the  second  number  will  be  mailed  on 
or  before  October  6th. 


The  general  articles  for  this  issue  are  largely  introductory,  but  they  well  sug- 
gest the  plan  of  this  popular  magazine,  and,  we  believe,  will  tend  to  bring  the 
scholars  and  the  popular  readers  of  astronomy  nearer  together  in  common  in- 
terest. 


This  part  of  our  publication  will  be  open  to  appropriate  questions  and  brief 
answers.  Send  them  in  early  each  mdnth.  so  that  there  shall  be  time  for  best 
answers  to  queries  and  comparison  of  views  of  competent  authority  when  desira- 
ble. Here  is  an  example:  "Where  is  the  international  date  line?"  This  can 
best  be  answered,  probably,  by  a  small  hemisphere  map,  showing  its  position 
from  the  Arctic  ocean,  north  of  Bhering  Straits,  in  irregular  course,  till  it  reaches 
the  Antarctic  ocean.    We  will  try  to  give  such  a  map  next  time. 


Constellation  Stndy.~Pro feasor  Winslow  Upton,  the  writer  of  the  first 
article,  is  the  director  of  the  Ladd  Observatory,  Brown  University,  Providence, 
R.  I.  He  studied  practical  astronomy  at  Cincinnati  Observatory,  was  afterwards 
connected  with  the  government  signal  service  at  Washington,  and  later  was 
called  to  his  present  position.  Read  the  introduction  to  his  series  of  articles  on 
constellation  study,  and  notice  every  point  of  suggestion  carefully.  Interested 
students  will  seize  this  opportunity  for  self-instruction,  and  lose  nothing  through 
lack  of  personal  and  vigorous  application  in  nightly  half-hour  studies. 


The  Speotrotfoope  and  Some  of  its  Applications.— The  spectroscope 
is  now  recognized  as  so  indispensible  an  instrument  in  the  study  of  modem  as- 
tronomy, that  the  average  popular  reader  should  understand  its  elemental  prin- 
ciples and  its  applications.  These  are  so  simple  that  a  teacher  or  student  may 
master  them  thoroughly  in  a  short  time  if  the  needed  information  is  within 
reach.  Professor  James  E.  Keeler,  the  director  of  the  Observatory  at  the  West- 
em  University  of  Pennsylvania,  Allegheny  City,  has  kindly  promisecl  to  furnish 
this  in  a  series  of  articles  on  the  above  named  topic.  He  was  formerly  assistant 
to  Professor  S.  P.  Langley,  in  that  Observatory ;  was  later  appointed  astrono- 
mer at  Lick  Observatory,  where  he  did  work  of  world-wide  fame  with  the  spec- 
troscope, and,  finally,  he  was  recalled  to  the  directorship  of  the  Allegheny  Observ- 
atory. This  series  of  articles  will  explain  the  spectroscope  and  its  wonderful 
work  in  late  years,  we  are  sure,  in  most  admirable  way. 


Study  of  the  Moon.— Foreign  observers  are  doing  more  than  those  in 
America  at  present  in  the  study  of  the  Moon.  For  aid  in  this  work  we  have 
asked  T.  G.  Blger  and  others.  Mr.  Blger  is  a  Fellow  of  the  Royal  Astronomical 
Society,  and  the  director  of  the  observing  section  for  lunar  study  of  the  British 
Astronomical  Association.  By  this  means  we  hope  to  present,  in  clear  and  satis* 
fJBCtory  way,  problems  now  under  astronomical  study  conceming  our  nearest 
neighbor.    The  photogravure  copies  of  photographs  shown  in  our  frontispiece 
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will  interest  readers  generally,  because  the  upper  plate  is  by  an  814-inch  telescope, 
while  the  other  was  taken  by  the  aid  of  the  great  Lick  refractor  of  36-inch  aper- 
ture. Any  one  who  has  either  Neison,  or  Nasmyth  and  Carpenter,  on  the  Moon, 
will  find  good  exercise  in  recognizing  scores  of  surface  markings  plainly  shown  in 
both.    Try  it. 

As  a  simple  exercise  for  the  inexperienced  try  to  recognize  markings  on  the 
Moon's  surface  by  the  aid  of  the  naked  eyt  only.  How  many  objects  can  be  dis- 
tinctly  seen  ?  Make  a  picture  of  what  can  be  seen  whether  the  names  are  known 
or  not.  Try  again  and  see  if  more  can  be  observed  certainly.  Use  an  opera  glass 
and  notice  how  many  more  objects  can  be  added.  Why  does  the  observer  see 
more  now  ?  Does  he  see  as  much  more  as  he  ought,  considering  the  diameter  of 
the  pupil  of  the  eye  as  compared  with  that  of  the  field  lens  of  the  opera  glass? 
Many  useful  easy  lessons  might  be  suggested. 


Doable  Star  Astronomy.— S.  W.  Bumham  of  Chicago,  late  of  the  Lick 
Observatory  staff,  is,  without  doubt,  the  ablest  scholar  in  double  star  astron- 
omy iu  the  world.  It  is  gratifying  to  announce  that  he  will  write  for  tbis  maga- 
zine on  his  favorite  theme  in  a  way  to  help  those  who  have  small  telescopes  and 
want  to  learn  how  to  do  useful  work  in  this  most  interesting  field  of  research. 
He  will  present  an  article  in  our  next  issue. 


Makings  Telescopes  and  the  Care  of  Them.— We  are  glad  to  an- 
nounce that  J.  A.  Brashear,  one  of  the  foremost  opticians  in  the  United  States, 
will  prepare  a  series  of  articles  for  Popular  Astronomy  on  the  making  of 
telescopes  and  how  to  care  for  them.  Mr.  Brashear*s  reputation  fairly  au- 
thorizes him  to  write  for  professional  astronomers  in  such  matters,  but  he  now 
proposes  to  prepare  something  for  amateurs  particularly. 


Shootings  Stars— How  to  observe  them  and  what  they  teach  us.— 

W.  P.  Denning,  Bishopston,  Bristol,  England,  has  generously  consented  to  fur- 
nish articles  for  us  concerning  the  Shooting  Stars,  how  to  observe  them  and 
what  they  teach  us.  Mr.  Denning's  long  experience  in  observing  these  peculiar 
phenomena  and  his  thorough  study  of  the  radiants  of  a  great  number  of  different 
streams  of  meteors,  enable  him  to  speak  of  details  for  the  professional  astrono- 
mer with  recognized  authority.  Amateurs  will  certainly  find  his  articles  abund- 
antly helpful.    They  will  begin  in  our  next  number. 


B.  B.  Barnard  of  the  Lick  Observatory  will  begin  in  our  next,  a  series  of 
articles  on  Celestial  Photography.  He  has  recently  returned  from  an  extended 
visit  to  the  astronomical  observatories  of  Europe.  His  photographs  of  portions 
of  the  Milky  Way  and  other  celestial  objects  were  exhibited  at  a  meeting  of  the 
Royal  Astronomical  Society  of  England,  June  9  of  this  year,  and  by  the  hearty 
vote  of  thanks  given  him  at  its  close,  it  is  evident  that  Mr.  Barnard *s  photo- 
graphic work  pleased  the  distinguished  English  astronomers  present.  The  more 
important  of  these  excellent  photographs  will  appear  later  in  one  or  the  other  of 
our  astronomical  periodicals.  The  wants  of  amateurs  with  small  lenses  will  be 
kept  in  mind  constantly. 


Miss  Bliza  A*  Bowen's  excellent  article  on  the  Harvest  Moon,  elsewhere 
given,  is  an  illustration  of  bow  admirably  she  can  put  ideas  into  language.    The 
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attention  of  teachers  in  the  elements  of  astronomy  is  called  to  that  paper.  Her 
direct  and  simple  way  of  pattin^^  a  matter  that  often  puzzles  students,  we  are 
sore,  will  be  regarded  with  Cayor.  Other  good  things  from  her  ready  pen  will 
follow.  Those  who  have  seen  her  popular  work  entitled  **  Astronomy  by  Obaer- 
Tation/'  published  by  D.  Appleton  &  Co.,  New  York,  are  already  favorably  ad- 
vised of  the  writer's  reputation. 


Dr.  Lre-wis  Shrift  will  contribute  articles  on  comet-seeking  and  the  nebuke. 
It  is  somewhat  generally  known  that  Dr.  Swift  himself  owns  one  of  the  best 
large  telescopes  in  the  United  States.  It  is  a  Clark  16-inch  glass  and  with  it  he 
has  discovered  a  very  large  number  of  new  nebuls.  Dr.  Swift's  work  in  discover- 
ing comets  was  done,  however,  years  ago  by  the  aid  of  a  small  telescope.  He  is 
greatly  interested  in  amateurs  and  their  work.  He  will  probably  continue 
observing  work  at  Rochester,  N.  Y.,  for  a  while  yet,  although  it  was  decided  a 
few  months  ago  to  remove  his  Observatory  to  some  point  on  the  Rocky  Moun- 
tains. 


Dr.  H.  C.  Wilson  of  Goodsell  Observatory  will  write  on  various  topics. 
He  has  had  excellent  opportunity  for  study  and  observation  with  the  best  of 
American  Astronomers.  The  editorial  work  done  in  A8ttx}aomjr  uod  AatrO' 
Phyaica  for  the  last  two  years  is  certainly  suggestive  of  what  may  be  expected 
for  PoPUi^AK  AsTKONOMT  from  Dr.  WOson's  pen.  He  will  continue  to  prepare  the 
planet  tables  and  aid  in  planet  and  comet  notes.  The  tables  and  planet  notes  are 
the  only  matter  that  will  appear  unchanged  in  both  magazines.  They  will  con- 
sist of  four  or  five  pages  each  month. 


Personal  Sketches.— Another  feature  of  popular  interest  is  under  consid- 
eration. It  has  seemed  to  us  that  our  readers  would  be  helped,  if  we  could 
furnish  from  month  to  month  good  half  or  third  page  pictures  of  eminent 
scholars  or  observers  in  astronomy.  The  sketch  to  accompany  the  illustration 
should  be  very  brief,  not  to  exceed  a  page  of  printed  matter.  The  object  of  this 
is  to  familiarize  interested  readers  with  the  living  men  and  women  who  lead  in 
opinion  and  ability  in  astronomy.  Other  lines  of  publication  do  this  creditably, 
why  is  this  one  an  exception  ?  Of  course  every  person  so  represented  should  see 
and  pass  judgment  on  all  that  is  to  be  published  before  it  appears,  to  avoid  all 
error  of  statement  or  other  unfavorable  representation. 


Professor  Greorg^  B.  Hale,  director  of  the  new  Yerke's  Observatory  of 
the  University  of  Chicago,  has  promised  to  write  some  popular  papers  on  the 
Sun.  His  recent  wonderfal  discoveries  in  regard  to  photographing  the  facuke 
and  solar  prominences,  so  called,  place  him  among  the  first  of  American  Astrono- 
mers in  regard  to  stellar  and  solar  physics.  Reference  is  made  to  Volumes  X  and 
XI  of  Astronomy  and  Aatro-Pbysica  for  details  of  information  and  beautiful 
photogravure  illustration  of  both  faculse  and  prominences,  as  photographed  by 
Professor  Hale'»  new  method.  In  this  our  readers  will  have  the  newest  of  the 
new  astronomy  in  solar  studies. 


Diirision  of  Work.— Text-books,  maps,  charts  and  general  courses  of  read- 
ing in  astronomy  are  all  good  and  useful  ia  their  respective  places,  but  they  are 
by  no  means  all  that  is  necessary  or  desirable  to  put  a  person  at  his  best  for  ac- 
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qairio^  general  knowledge  in  this  branch.  We  have  so  often  seen  the  good 
results  of  division  of  work  and  associated  study  that  we  are  ready  to  recom- 
mend it  heartily  under  proper  guidance.  Why  would  it  not  be  a  good  plan  in 
any  small  village  or  in  connection  with  any  high  school  to  form  a  dass  of  half  a 
dozen  or  more^oung  people  for  the  sake  of  reading  the  elements  of  astronomy 
and  such  observational  study  of  the  face  of  the  sky  as  can  be  done  by  the  naked 
eye  and  the  opera  glass.  One  of  the  best  maps  of  the  Milky  Way  we  have  ever 
seen  was  made  from  naked  eye  observation  alone.  A  great  deal  of  useful  and  en- 
joyable study  can  be  done  with  the  unaided  eye,  if  a  person  has  any  interest  in 
such  things.  We  suggest  the  plan  of  classified,  associate  study.  For  example, 
those  persons  who  wish  to  begin  the  study  of  the  Moon,  send  us  their  names 
indicating  what  they  have  done,  if  anything,  whether  or  not  they  have  any  tele- 
scope; if  so,  its  size,  maker,  and  attachments,  as  eyepieces,  micrometer,  clock, 
spectroscope,  etc.  In  the  same  way  in  regard  to  the  following  subjects :  Meteors, 
Star  Colors,  Variable  stars,  Jupiter,  Sun  and  others  in  observational  and 
reading  courses.  If  this  is  done  to  any  considerable  extent,  we  will  undertake 
the  classification  and  try  to  secure  a  competent  and  experienced  guide  for  each 
class  that  can  use  about  the  same  grade  of  work  on  a  given  topic.  We  believe 
work  like  this  is  the  secret  of  the  interest  and  success  of  so  many  amateur  astro- 
nomical societies  that  have  recently  formed  in  many  parts  of  the  United  States. 
The  rapid  growth  and  usefulness  of  some  of  these  societies  is  simply  phenomenal. 
This  is  a  part  of  the  great  university  extension  work  everywhere  so  popular.  It 
ought  to  be  extended  even  more  widely.  Very  general  correspondence  is  solicited 
concerning  this  specialized,  associated  study  and  observation. 


Poole  Brothers'  Celestial  Hand-book  is  intended  as  a  companion  to 
their  Celestial  Planisphere,  a  description  of  which  is  found  among  the  advertise- 
ments of  this  issue. 

Mr.  Jules  A.  Colas,  the  editor  and  compiler  of  this  hand-book,  is  a  scholarly 
gentleman,  and  he  has  taken  great  pains  to  collect  and  arrange  within  the  com- 
pass of  110  pages  a  large  amount  of  material  to  accompany  the  planisphere 
before  referred  to.  We  have  used  the  planisphere  and  hand-book  considerably, 
and  have  found  them  both  excellent  so  for  as  we  have  been  able  to  examine  them 
carefully.  For  most  of  the  numerical  values  given  the  authority  is  named,  so 
that  it  is  easy  to  verify  them.  The  illustration  is  ample  and  very  good  in  kind. 
We  notice  140  cuts  in  the  space  of  the  110  pages.  The  reading  matter  is  in  small 
type  and  the  printing  is  superb.  We  doubt  if  so  much,  in  so  limited  space,  can  be 
found  elsewhere,  if  we  take  into  the  account  the  amount  and  variety  of  illustra- 
tion.   It  is  a  pleasure  to  call  attention  to  this  new  work. 


Publisher's  Notices.— The  subscription  price  for  Popular  Astronomy  is 
$2.50  per  year,  foreign  countries  14  shillings,  payable  in  advance,  the  annual 
volume  consistmg  of  ten  numbers,  issued  monthly,  except  for  July  and  August, 
each  containing  at  least  48  pages  of  reading  matter.  Articles  for  publication 
may  be  sent  to  Wm.  W.  Payne,  Goodsell  Observatory,  Carleton  College,  North- 
field,  Minn.,  or  to  Miss  C.  R.  Willard,  same  address.  All  remittances  for  sub- 
scription or  advertising  should  be  sent  to  Miss  Willard  who  is  in  charge  of  the 
accounts  of  the  office. 

Pkaat  take  notice  that  all  payments  of  dues  sboald  be  made  in  post  o&ce 
orders  or  notes,  or  hank  drafts  on  Chicago^  New  York,  St.  Paul  or  Minneapolis. 
Personal  checks  are  banked  at  a  discount. 

Messrs.  Wm.  Wesley  &  Son,  28  Essex  Street,  Strand,  London,  England,  are 
sole  foreign  agents. 
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Star  Trails  near  the  North  Pole. 

Prom  a  Photo^^aph  taken  at  Goodsell  Observatory,  Sept.  14,  1893, 
with  a  2V^  inch  camera.    Exposure  1  hour. 


Photograph  of  Ursa  Minor. 

Taken  at  Goodsell  Observatory  Sept.  16, 1893,  with  a  2V3  inch  camefa. 

Exposure  1  hour.  r'^  T 
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ASTRONOMY  WITH  THE  SMALLr  CAMERA. 


H.  C-  WILSON. 


In  my  first  article  on  this  subject  (page  26)  I  spoke  of  photo- 
graphing star  trails  as  a  pleasing  and  useful  pastime  for  the  am- 
ateun  We  are  able  this  month  to  present  an  illustration  ^  this 
work.  The  upper  picture  of  the  frontispiece  to  this  number  of 
Popular  Astronomy  presents  a  reproduction  of  a  photograph 
of  the  north  polar  region  of  the  sky,  taken  at  Goodsell  Observa- 
tory on  the  night  of  Sept.  14,  1893.  The  exposure  was  of  just 
an  hour's  duration^  with  a  stationary  camera  of  2^inches  aper- 
ture. The  camera  was  directed  as  nearly  as  possible  toward  the 
true  pole  of  the  heavens  and  it  will  be  noticed  at  once  that  there 
are  a  few  faint  stars  very  near  the  pole  but  none  exactly  at  that 
point.  The  shortest  trail  is  perhaps  three  times  as  long  as  it  is 
broad.  As  you  go  away  from  the  pole  the  trails  of  the  stars  in- 
crease in  length,  but  each  one  is  exactly  one  twenty-fourth  part 
of  a  circle  having  the  pole  for  its  center.  There  are  many  more 
stars  on  this  plate  than  can  be  seen  with  the  naked  eye.  The 
brighter  stars  may  be  recognized  by  the  thickness  of  their  trails, 
and  we  have  marked  a  few  of  the  Greek  letters,  by  which  they 
are  known,  on  the  plate.  The  so-called  pole  star  Polaris,  or  a 
Ursae  Minoris,  it  will  readily  be  seen,  is  not  at  the  pole  but  quite  a 
little  distance  from  it.  The  Nautical  Almanac  gives,  its  polar  dis- 
tance on  Sept.  14  as  1**  15'  40'^  To  the  left  and  above  the  pole 
is  the  wide  pair  of  stars  ^  and  at  an  equal  distance  farther  to  the 
left  e.  These  three  form  the  tail  of  the  Little  Bear  or  handle  of 
the  Little  Dipper  as  the  constellation  is  sometimes  called.  Near 
the  upper  right  hand  corner  of  the  plate  is  a  very  long  trail  which 
is  really  composed  of  two  trails  end  to  end,  the  two  stars  having 
the  same  declination  but  differing  about  an  hour  in  right  ascen- 
sion. In  reproducing  this  picture  the  original  has  been  copied 
through  a  'screen,  so  that  the  trails  are  all  broken  up  by  the 
meshes  of  the  screen,  but  in  the  original  negative  they  are  perfect- 
ly smooth  and  uniform  in  width. 
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The  second  picture  of  the  frontispiece  was  intended  as  a  com- 
panion to  the  first,  showing  the  appearance  of  the  same  stars 
when  the  camera  is  moved  by  clock-work.  The  direction  of  the 
camera  was,  however,  changed  so  as  to  take  in  the  whole  con- 
stellation of  Ursa  Minor.  The  exposure  was  made  of  the  same 
duration,  the  camera  being  attached  to  the  8-^nch  equatorial 
telescope.  The  observer  corrected  the  irregularities  of  the  driving 
clock  every  ten  minutes,  by  looking  through  the  telescope  at  the 
star  €Ursa  Minoris  and  adjusting  it  to  the  cross-wires  of  the  tele- 
scope. The  night  was  not  so  clear  as  the  one  on  which  the  trails 
were  photographed,  so  that  not  so  many  more  stars  appear  in 
the  picture  as  might  have  been  expected.  Nearly  all  of  the  mi- 
nute white  spots  on  the  plate  represent  actual  stars.  A  few  are 
flaws  which  in  most  cases  may  be  recognized  by  their  irregular 
outline  when  examined  with  a  microscope.  We  have  marked  the 
principal  stars  with  the  Greek  letters  so  that  the  reader  will  have 
no  trouble  in  identifying  them.  The  scale  of  this  picture  is  about 
twice  that  of  Klein's  Atlas  and  a  little  greater  than  that  of  Hds' 
Atlas.  It  will  be  a  good  exercise  for  the  student  to  see  how 
many  of  the  stars  shown  in  this  photograph  can  be  identified  in 
the  sky  with  an  opera-glass. 


CONSTELLATION  STUDY. 


WINSLOW  UP10N.» 


II. 


In  the  preceding  article  of  this  series,  attention  was  called  to 
the  place  which  a  study  of  the  constellations  occupies  in  the  sci- 
ence of  astronomy.  It  was  stated  that  astronomers  use  the  con- 
stellations to  a  very  limited  extent,  simply  referring  to  them  in 
star  catalogues  and  maps  for  the  purpose  of  naming  stellar  areas 
within  which  the  stars  are  situated.  It  was  also  stated  that  it 
is  useful  as  well  as  interesting  for  any  one  to  learn  the  leading 
configurations,  because  such  knowledge  gives  a  clearer  idea  of  the 
effect  of  the  Earth's  daily  rotation  on  its  axis,  and  annual  revolu- 
tion about  the  Sun,  than  is  otherwise  obtained.  But  herein  lies  the 
chief  difficulty  in  studjring  the  groups,  for  they  are  not  found  in 
the  same  part  of  the  sky  at  different  hours  of  the  night,  nor  at 
the  same  hour  on  different  nights  of  the  year.  More  than  that, 
as  the  apparent  rotation  of  the  heavens  each  night  is  not  in  the 
•  Dirwrtor  Ladd  Observatory,  Brown  University,  Providence,  R.  I. 
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same  plane  as  that  on  wbich  we  seem  to  be  standing,  the  stellar 
groups  are  tnmed  at  difierent  angles  to  the  horizon,  which  ma- 
terially adds  to  the  difficulty  of  recognizing  them.  Groups  which 
rise  in  the  southeast  and  set  in  the  southwest,  like  Scorpio  and 
Canis  Major  as  seen  in  northern  latitudes,  are  affected  but  little, 
and  so  are  always  recognized  when  once  they  are  known ;  but 
those  which  rise  in  the  east  or  northeast,  and  set  in  the  west  or 
northwest,  like  Andromeda  and  Bootes  as  seen  in  northern  lati- 
tudes, are  so  much  affected  that  the  casual  observer  sometimes 
fails  to  recognize  that  they  are  the  same.  And  in  the  case  of 
groups  which  rise  in  the  northeast  the  difficulty  is  increased  by 
the  fact  that  they  pass  nearly  overhead  as  they  move  towards 
the  northwest.  As  no  one  likes  to  observe  an  object  when  near 
the  zenith,  the  gradual  change  in  the  apparent  position  of  the 
group  is  not  noted,  and  there  seems  to  be  an  abrupt  change  in 
its  position  in  the  northeast,  and  later  in  the  northwest.  In 
these  northern  latitudes  the  stars  which  are  nearer  the  pole  than 
the  place  of  observation  is  north  of  the  equator  in  latitude  do  not 
rise  and  set,  but  revolve  about  the  celestial  pole,  always  remain- 
ing above  the  horizon.  They  therefore  appear  in  all  possible  posi- 
tions as  is  readily  seen  by  watching  during  one  night  the  move- 
ments of  the  famUiar  ''  Dipper"  (which  is  not  a  recognized  constel- 
lation, but  a  part  of  the  large  constellation,  Ursa  Major),  and  re- 
peating the  observation  during  a  night  six  months  later. 

The  effect  of  the  Earth's  annual  revolution  about  the  Sun  is 
suggested  in  the  last  sentence.  As  the  Earth  moves  eastward 
about  the  Sun,  an  observer  on  the  Earth  sees  the  Sun  projected 
upon  the  opposite  side  of  the  sky  and  moving  in  the  same  direc- 
tion of  rotation  among  the  stars.  Long  before  it  was  known 
that  the  Earth  revolved  around  the  Sun,  it  was  observed  that 
the  Sun  moved  among  the  stars  in  an  easterly  direction  nearly  1® 
a  day,  and  it  was  very  naturally  supposed  that  this  apparent 
movement  of  the  Sun  was  real,  and  that  the  Sun  actually  did  re* 
volve  around  the  Earth.  Since  the  brightness  of  the  Sun  pre- 
vents us  from  seeing  his  movement  among  the  stars,  as  we  can 
do  in  the  case  of  the  Moon,  we  detect  it  by  noticing  where  the 
same  stars  are  on  successive  evenings  at  the  same  time.  The 
constellations  which  are  in  the  west  at  8  o'clock  to-night  will  be 
nearer  the  horizon  to-morrow  night  at  the  same  time,  and  in  a  few 
weeks  will  be  lost  in  the  Sun's  brightness.  A  few  weeks  later  the 
same  stars  will  rise  in  the  morning  before  the  Sun,  showing  that 
the  Sun  has  passed  by  them  moving  easterly.  Or  the  same  thing 
may  be  observed  in  any  other  part  of  the  sky.    The  stars  cross 
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the  meridian  four  minutes  eariier  each  night  than  the  preceding 
night,  and  those  which  rise  and  set,  rise  and  set  four  minutes 
earlier  for  the  same  reason.  The  effect  of  the  annual  motion  of 
the  Earth  around  the  Sun  is  then  to  make  the  constellations  ap- 
pear in  different  parts  of  the  sky  at  the  same  hour  in  different 
months  of  the  year.  It  does  slowly  in  a  year  what  the  Earth's 
axial  rotation  does  each  twenty-four  hours. 

It  is  worth  emphasizing  that  the  change  in  the  constellations 
due  to  the  daily  and  annual  motion  of  the  Earth  is  simply  one  of 
position  in  the  sky  but  does  not  effect  their  relations  to  each 
other.  Like  the  subdivisions  of  a  country,  each  state  has  its 
neighboring  states  occupying  the  same  relation  to  it.  The  same 
ffgure  may  apply  too  to  the  individual  stars  in  the  constellation, 
which  like  the  towns  of  a  state  retain  their  relative  positions. 
The  figure  fails  only  in  the  fact  that  individual  stars  have  move- 
ments of  their  own,  but  on  account  of  their  enormous  distances 
these  motions  can  be  detected  only  with  the  most  refined  instru- 
ments of  modem  astronomy,  and  are  quite  inappreciable  in  con- 
stellation study.  If  Abraham,  or  any  other  of  the  Chaldean  sages, 
should  look  at  the  heavens  to-day,  he  would  notice  the  same 
constellations  which  he  saw  so  many  centuries  ago. 

It  follows  from  the  above  that  the  constellations  should  be 
learned  independent  of  the  time  of  night  and  the  season  of  the 
year.  It  may  be  well  to  begin  their  study  hy  following  the  guide 
of  some  treatise  which  says  that  **  at  8  p.  m.  in  October,  such  and 
such  constellations  are  overhead,  due  south,  in  the  east,"  etc.,  but 
when  once  found,  they  should  be  learned  with  reference  to  each 
other,  and  should  be  watched  at  occasional  times  as  long  as  they 
are  visible  in  the  evening  hours,  so  that  they  will  be  recognized 
ever  after  whenever  they  are  seen. 

Only  a  passing  reference  needs  to  be  made  to  a  plan  for  studying 
the  constellations  which  was  suggested,  though  perhaps  not  ser- 
iously, many  years  ago.  The  names  of  the  constellations  were 
included  in  doggerel  rhymes  which  one  could  commit  to  memory 
to  aid  in  their  recollection.  Thus  Dr.  Watts  is  said  to  have  treat- 
ed the  zodiacal  constellations  as  follows: 

"  The  Bam^  the  Bo//,  the  heavenly  Twins, 

And  next  the  Crab,  the  Lion  shines, 
The  Virgin  and  the  Scak8\ 

The  Scorpion,  Archer  and  Sea-Goat, 

The  Man  that  holds  the  Water-Pot, 
And  Fisb,  with  glittering  tails.'** 


•  Bnrritt's  Geography  of  the  Heavens. 
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And  the  constellations  in  the  vicinity  of  Orion  are  embalmed  in 
the  following  classic  strain : 

"  The  River's  shining  streams  beneath  him  poar. 
And  angry  Taurus  rages  close  before ; 
Behind  htm  Procyon  barks,  and  Sirias  growls. 
While  ftiU  in  front,  the  monster  Cetus  howls."* 

The  essential  condition  for  a  satisfactory  study  of  the  constella- 
tions is  that  the  several  groups  shall  be  learned  without  regard 
to  terrestrial  objects  or  to  the  time  of  day  or  year.  To  know  a 
constellation  only  when  it  is  over  a  particular  tree  is  rather  awk- 
ward in  case  the  tree  should  be  cut  down,  and  it  is  only  a  little 
less  foolish  to  recognize  a  group  when  in  a  particular  part  of 
the  sky  and  not  wherever  the  constellation  may  be  found.  The 
remedy  for  this  difficulty  is  surely  to  learn  the  constellations  in- 
dependent of  all  terrestrial  relations  and  solely  by  their  relative 
positions.  This  can  be  done  systematically  in  some  such  way  as 
will  now  be  given.    It  is  recommended — 

1.  That  the  heavens  be  divided  into  four  sections,  each  lune 
shaped  with  an  angle  of  90^,— (just  as  an  orange  is  peeled  into 
four  divisions  of  this  shape.) 

2.  That  these  four  divisions  accord  with  the  system  used  by 
astronomers  in  designating  stars  by  their  right  ascension  and 
declination. 

3.  That  the  boundary  lines  between  the  divisions  be  traced 
among  the  stars,  and  also  the  celestial  equator  and  ecliptic  for 
reference  lines. 

4.  That  the  zodiacal  consetUations  be  first  learned,  and  then 
the  other  constellations  in  each  of  the  four  divisions. 

In  northern  latitudes,  it  is  advisable  to  modify  this  general 
scheme  by  taking  out  of  each  quarter  section  the  constellations 
which  are  north  of  the  zenith,  and  forming  a  fifth  division  of 
polar  constellations.  i 

The  first  two  of  these  recommendations  require  explanation  for 
those  who  are  unacquainted  with  the  technical  terms  there  used. 

The  system  of  latitude  and  longitude  by  which  positions  on  the 
earth's  surface  are  conveniently  designated  is  familiar  to  every 
one.  It  is  constructed  in  this  way :  1st,  a  great  circle  on  the 
sphere  is  drawn.  In  general,  any  great  circle  (a  great  circle  is 
one  whose  plane  passes  through  the  centre  of  the  globe)  may  be 
chosen,  but  usually  some  condition  will  determine  its  selection. 
In  the  latitude-longitude  system,  the  condition  is  that  the  great 
•  Burritt's  Geography  of  the  Heavens. 
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circle  shall  be  perpendicular  to  the  earth's  axis  of  rotation.  2d,  a 
series  of  circles  perpendicular  to  this  circle  are  drawn,  which  in 
the  latitude-longitude  system  are  called  meridians.  They  neces- 
sarily intersect  at  the  poles  and  are  of  indefinite  number.  3rd, 
one  of  these  circles  or  meridians  is  selected  as  a  Reference  Circle,— 
in  the  latitude-longitude  system  that  passing  through  some  place, 
as  Greenwich,  is  arbitrarily  selected.  The  position  of  a  point  on 
the  earth's  surface  is  given  by  the  distance  from  the  equator  to 
the  point,  measured  upon  the  meridian  of  that  point— its  latitude 
— and  by  the  angle  between  this  meridian  and  the  Reference  Mer- 
idian—its longitude.  In  a  precisely  similar  way  the  positions  of 
the  several  stars  are  recorded.  There  are  in  fact  three  or  four 
systems  in  current  use,  each  having  its  special  uses,  but  we  are 
concerned  now  with  only  one,  which  corresponds  with  that  of 
terrestial  latitude  and  longitude  in  everything  but  the  names  em- 
ployed. We  usually  look  down  upon  a  globe  from  the  outside, 
and  imagine  the  equator  and  meridians  drawn  upon  the  convex 
spherical  surface.  But  in  studying  the  stars  we  must  remember 
that  we  are  within  the  celestial  sphere,  and  are  looking  towards 
the  concave  spherical  surface  upon  which  we  may  imagine  the 
circles  to  be  drawn.  If  the  earth's  axis  were  prolonged  indefin- 
itely, it  would  seem  to  pierce  the  sky  at  two  opposite  points,  one 
of  which  is  very  near  the  star  often  called  the  Pole  Star,  or  Po- 
laris, and  the  other  invisible  in  northern  latitudes,  but  as  much 
depressed  below  the  south  horizon  as  the  north  pole  is  elevated 
above  it.  In  passing,  it  is  of  interest  to  note  that  the  celestial 
pole  is  at  precisely  the  same  height  above  the  observer's  horizon 
as  his  latitude,  and  the  latitudes  of  places  on  the  earth's  surface 
are  found  by  measuring  indirectly  that  height.  If  the  plane  of 
the  earth's  equator  is  imagined  extended  until  it  reaches  the  sky, 
it  will  trace  thereon  a  circle  at  whose  centre  we  seem  to  be  sit- 
uated. This  circle,  the  celestial  equator,  always  cuts  the  horizon 
at  the  east  and  west  points  exactly,  and  at  its  highest  point,  over 
the  south  point  of  the  horizon  in  northern  latitudes,  is  as  high 
above  the  horizon  as  the  difference  between  90*^  and  the  observ- 
er's latitude.  We  therefore  see  but  half  of  the  celestial  equator. 
It  always  occupies  the  same  position  in  the  sky,  and  the  stars  as 
they  move  across  the  sky  describe  circles  which  either  coincide 
with  it  or  are  parallel  with  it.  The  Sun's  daily  path  is  upon  the 
equator  at  the  time  of  the  vernal  and  autumnal  equinoxes.  The 
paths  of  different  stars  are  circles,  parallel  with  it,  but  smaller 
and  smaller  as  stars  are  selected  nearer  the  pole,  like  the  parallels 
of  latitude  upon  the  terrestrial  globe. 
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The  circles  which  are  perpendicular  to  the  celestial  equator,  cor- 
responding with  meridians  upon  the  globe,  may  now  be  imagined 
an  intersecting  at  the  celestial  pole.  But  they  are  not  called  celes- 
tial meridians.  The  term  meridian  is  reserved  for  the  special  one 
which  passes  through  the  point  directly  overhead  and  conse- 
quently through  the  north  and  south  points  of  the  horizon.  The 
general  name  for  them  is  declination  circles  or  hour  circles  and 
declination  corresponds  with  latitude  on  the  Earth,  as  the  dis- 
tance from  the  celestial  equator  to  the  star  mecisured  upon  its 
declination  circle.  Two  of  the  declination  circles  have  special 
names,  that  which  passes  through  the  two  points  of  the  equator 
where  the  Sun  crosses  it  in  March  and  September  each  year,  called 
the  Equinoctial  Colure,  and  that  which  passes  through  the  high- 
est northern  and  lowest  southern  point  which  the  Sun  reaches  in 
June  and  December  respectively,  called  the  Solstitial  Colure. 
These  colures  arc  exactly  90*^  apart. 

It  will  be  profitable  to  notice  here  the  effect  which  the  daily 
movement  of  the  heavens  has  upon  this  imaginary  system  of 
circles.  The  meridian  has  just  been  defined  as  the  declination 
circle  which  passes  through  the  point  directly  over  the  head  of 
the  observer— his  zenith — and  also  through  the  north  and  south 
points  of  the  horizon.  It  therefore  seems  to  be  an  immovable 
circle,  and  is  immovable  as  far  as  the  observer's  station  is  con- 
cerned. It  is  the  trace  in  the  sky  of  the  meridian  on  the  Earth 
which  is  drawn  through  the  place  of  observation.  By  the  di- 
urnal motion  of  the  heavens  the  various  declination  circles  in 
turn  coincide  vrith  the  celestial  meridian,  and  all  the  stars  upon  a 
given  declination  circle  '*  cross  the  meridian"  at  the  instant  of  the 
coincidence  of  the  two  declination  circles.  Another  way  of  ex- 
pressing the  same  idea  is  to  omit  altogether  the  idea  of  a  fixed 
meridian  and  to  say  that  each  of  the  declination  circles  of  the 
celestial  sphere  passes  in  turn  directly  through  the  zenith  of  any 
observer,  and  at  that  instant  it  is  called  the  celestial  meridian  be- 
cause it  is  in  the  plane  of  the  observer's  terrestial  meridian..  It 
follows  from  this  that  any  region  of  the  sky,  for  instance  one  of 
the  four  divisions  suggested  above,  or  any  special  constellation 
within  it,  may  sometimes  be  wholly  east  of  the  meridian,  or  west 
of  it,  or  intersected  by  the  meridian  according  to  the  position  of 
the  declination  circles  bounding  it  at  the  given  time. 

It  remains  to  speak  of  that  which  corresponds  to  longitude  on 
the  Earth  and  to  the  reference  meridian,  by  which  it  is  determined. 
The  latter  is  arbitrarily  chosen ;  on  the  Earth  that  of  Greenwich 
we  usually  say  is  agreed  upon.    There  is  however  no  universal 
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agreement  among  civilized  nations  on  this  point,  but  astronomers 
of  all  nations  have  agreed  to  adopt  the  point  on  the  equator 
where  the  Sun  crosses  it  each  spring  as  the  reference  point  in  the 
stellar  system,  and  the  declination  circle  passing  through  it,  the 
equinoctial  colure,  is  therefore  the  reference  circle.  The  angle 
between  this  circle  and  the  declination  circle  passing  through  any 
star  is  called  the  right  ascension  of  the  star,  corresponding  there- 
fore with  terrestrial  longitude.  It  will  be  evident  that  the  diurnal 
motion  does  not  change  the  right  ascension  of  the  star  nor  its 
declination,  because  they  are  determined  by  fixed  circles  in  the 
heavens  which  turn  with  it.  Right  ascension  is  always  reckoned 
towards  the  east  completely  around  the  sphere  and  not  like  Ion- 
gitude  on  the  Earth,  both  east  and  west  from  the  primary 
meridian.  It  is  usually  expressed  in  time,  that  is  hours,  minutes 
and  seconds.  Declination  is  reckoned  like  latitude  from  the 
equator  towards  either  the  north  or  south  pole,  called  north  and 
south  declination,  or  -h  and  —  declination,  'respectively.  It  is  al- 
ways expressed  in  degrees,  minutes  and  seconds. 

We  are  now  ready  to  consider  the  first  two  recommendations 
for  a  systematic  study  of  the  constellations.  The  equinoctial  and 
solstitial  colures  divide  the  sky  into  four  grand  divisions,  each 
90*^  or  6^  in  width  in  right  ascension,  and  extending  from  pole  to 
pole.  The  division  corresponds  with  the  four  divisions  which 
might  be  made  on  the  Earth  between  the  meridian  of  Greenwich, 
and  those  90°.  180°  and  270°  east  of  it. 

The  Sun  crosses  the  celestial  equator  in  the  spring  and  at  that 
time  its  right  ascension  is  0^.  Three  months  later  he  has  reached 
the  summer  solstice,  having  passed  through  the  first  of  the  four 
divisions ;  in  the  next  three  months  he  traverses  the  second  divi- 
sion and  so  on  through  the  year.  The  evening  sky  shows  constel- 
lations which  are  in  general  60°  to  240°  east  of  the  Sun,  less  than 
this  south  of  the  equator  and  more  than  this  north  of  it,  until  in 
the  vicinity  of  the  pole  all  stars  are  above  the  horizon  whatever 
their  right  ascension.  After  the  autumnal  equinox  the  Sun  is  in 
the  third  division  of  the  heavens  until  the  winter  solstice  is 
reached.  During  these  months  the  fourth  division  lies  west  of  the 
meridian  and  the  first  division  east  of  it  in  the  early  evening. 

Let  us  now  carry  our  thoughts  out  of  doors  and  try  to  get  a 
clear  idea  of  the  four  divisions  of  the  sky,  their  botmding  colures 
and  the  celestial  equator.  Facing  the  north  (assuming  that  the 
reader  is  in  north  latitude)  the  "Dipper"  and  the  pole  star  are 
first  found.  In  the  autumn  the  Dipper  lies  northwest  of  the  me- 
ridian in  the  early  evening,  but  it  can  readily  be  found  whatever 
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its  position,  as  the  "seven  stars"  are  so  conspicuous.  The  two 
stars  which  form  the  side  of  the  bowl  opposite  the  handle  are 
nearly  in  line  with  the  pole  star,  a  bright  star  rather  isolated. 
They  are  sometimes  called  the  Pointers  from  this  fact.  It  will  be 
noticed  that  the  fonrth  star  at  the  junction  of  the  handle  and 
bowl,  is  fainter  than  the  others.  The  equinoctial  colure  passes 
very  near  this  star,  which  is  lettered  i  Ursae  Majoris  and  was 
formerly  called  M^rez.  Imagine  the  colure  to  start  at  the  pole 
star  and  to  run  through  <(  Ursae  Majoris  and  continue  in  the  same 
direction  to  the  celestial  equator;  it  will  pass  through  the  au- 
tumnal equinox.  If  continued  to  the  south  pole  it  will  form  the 
half  of  the  colure  which  marks  180^  or  12^  of  right  ascension. 
Near  the  autumnal  equinox  itself  there  is  a  star,  7  Virginis,  and 
the  circle  passes  near  a  Corvi  and  a  Cruds,  as  will  be  mentioned 
later  in  taking  up  the  constellations  in  detail.  If  we  prolong  the 
circle  in  the  other  direction,  we  shall  find  its  position  marked  by 
three  bright  stars.  The  first  is  in  Cassiopeia  in  the  foot  of  the 
chair-shaped  figure,  and  is  about  €is  far  from  the  pole  star  as  6 
Ursae  Majoris.  It  is  lettered  /3  Cassiopeiae  and  w€is  formerly 
called  Caph.  Continuing  the  same  line,  two  more  stars  are 
reached  which  form  the  eastern  side  of  a  large  quadrilateral,  the 
square  of  Pegasus.  The  stars  are  a  Andromedae  and  y  Pegasi, 
and  were  formerly  known  as  Alpheratz  and  Algenib  respectively. 
If  the  line  is  prolonged  beyond  the  last  named  star  as  far  as  it  is 
itself  south  of  a  Andromedae,  the  vernal  equinox  is  reached, 
in  a  part  of  the  sky  where  are  no  bright  stars.  The  five  stars 
thus  named  mark  the  equinoctial  colure  with  sufficient  precision 
for  the  purpose  at  hand.  It  may  help  to  recognize  diflerent 
orders  of  brightness  to  note  that  *  Ursae  Majoris  and  y  Pegasi 
are  third  magnitude  stars,  and  the  others,  a  Ursae  Minoris,  /3  Cas- 
siopeiae,  and  a  Andromedae  are  second  magnitude  stars.  <^  Ursae 
Majoris  is  about  32^  from  the  pole,  and  /3  Cassiopeiae  a  little  less ; 
a  Andromedae  is  30*^  from  /3  Cassiopeiae,  and  y'  Pegasi  14°  from  a 
Andromedae.  The  "  pointers  "  of  the  Dipper  are  5°  apart  and  the 
northern  one  is  28*^  from  the  pole. 

The  autumn  evenings  are  specially  good  for  tracing  the  equi- 
noctial colure,  as  above  described.  The  vernal  equinox  is  then 
between  the  east  horizon  and  the  meridian,  and  the  line  of  bright 
stars  leading  to  it  from  the  poles  is  in  good  position  to  be  viewed. 
With  this  colure  marked  out  so  prominently  in  the  sky,  it  is  easy 
to  imagine  the  solstitial  colure  drawn  at  right  angles  to  it,  but  it 
does  not  pass  near  any  very  conspicuous  stars.  The  90°  or  6^ 
half  passes  near  ^  Geminorum  which  will  be  later  referred  to  as 
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marking  the  stimmer  solstice,  and  passes  4P  east  of  a  Ononis,  the 
bright  red  star  in  the  shoulder  of  that  figure.  The  270°  or  18*' 
half  passes  through  the  head  of  Draco,  and  also  near  /^  Sagittarii 
which  marks  the  winter  solstice. 

The  position  of  the  celestial  equator  needs  no  line  of  stars  to 
mark  it,  as  it  always  passes  through  the  east  and  west  points  of 
the  horizon  and  crosses  the  meridian  at  a  height  which  is  the 
complement  of  the  observer's  latitude.  The  following,  however, 
mark  its  position  and  are  here  given  for  future  reference  when 
the  constellations  to  which  they  belong  are  discussed :  The  celes- 
tial equator  passes  through  the  Belt  of  Orion,  2°  south  of  a  Canis 
Minoris  {Pfocyon),and  near  rf  Virginis,  y  Virginis  and  a  Aquarii. 

The  tracing  of  the  ecliptic,  which  was  suggested  under  the  third 
recommendation,  can  best  be  done  in  connection  with  the  study 
of  the  zodiacal  constellations,  which  will  be  deferred  to  another 
paper. 

The  student  of  the  constellations  should  learn  the  Greek  alpha- 
bet (the  small  letters  only  are  sufficient)  if  he  wishes  to  designate 
the  leading  ^tars  by  their  usual  names.  It  was  mentioned  in  the 
former  paper  that  the  usual  way  of  naming  the  brighter  stars  is 
by  the  Greek  letters  given  by  Bayer  in  the  seventeenth  century 
followed  by  the  Latin  name  of  the  constellation  in  the  genitive  or 
possessive  case.  Individual  names  are  nearly  obsolete  except  for 
the  very  brightest  stars.  In  these  articles  both  designations  will 
usually  be  given. 

In  closing  this  paper  it  may  be  well  to  suggest  that  constella- 
tion study  cannot  be  carried  on  successfully  by  reading,  but  that 
there  must  be  constant  reference  to  the  heavens.  As  far  as  we 
have  gone,  we  have  examined  the  sky  in  a  general  way,  divided  it 
into  grand  divisions  and  noted  the  effect  of  the  diurnal  and  an- 
nual motions  upon  the  constellations.  This  effect  will  be  more 
evident  after  a  few  constellations  have  been  learned,  but  it  is  well 
at  this  very  point  to  get  a  general  idea  of  these  motions.  Let  the 
reader  answer  the  following  questions :  Do  the  stars  which  rise 
due  east  p€iss  near  the  zenith?  If  not,  how  far  from  the  zenith 
are  they  when  they  cross  the  meridian?  How  many  of  the  stars 
of  the  Dipper  are  always  above  the  horizon?  It  is  a  good  plan  to 
select  a  few  conspicuous  stars  in  different  parts  of  the  sky  and 
watch  their  movements  from  night  to  night  for  several  months ; 
for  instance  the  Pleiades,  which  in  the  autumn  evenings  are  in  the 
eastern  sky,  or  the  dog  star  Sirius,  which  rises  in  the  southeast 
several  hours  after  the  Pleiades.  The  Dipper  and  the  chair-shaped 
figure  in  Cassiopeia  are  good  groups  for  this  purpose  in  the 
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northern  sky.  The  bright  star  a  Lyrae  or  Vega,  which  passes 
nearly  through  the  zenith  as  seen  in  the  United  States,  and  in  Oc- 
tober is  west  of  the  meridian  in  the  early  evening,  is  an  excellent 
star  to  show  how  far  north  of  the  west  point  a  star  so  situated 
sets. 

The  following  is  a  list  of  the  constellations  which  are  visible  in 
northern  latitudes,  and  which  will  be  referred  to  in  the  subsequent 
papers  of  this  series.  They  embrace  the  fifty-seven  constellations 
adopted  by  Argelander  and  are  here  arranged  according  to  the 
four  divisions  of  the  sky  explained  above.  The  polar  constella- 
tions are  taken  out  of  each  division  and  placed  by  themselves. 
The  other  constellations  are  arranged  in  each  division  from  the 
north  toward  the  south.  The  zodiacal  constellations  are  in 
italics ;  the  Roman  numerals  I,  II,  III,  and  IV,  refer  to  the  four 
divisions  of  the  sky  bounded  by  the  equinoctial  and  solstitial 
colures,  and  extending  from  0»»  to  6>*,  6^  to  12*».  12^  to  18^,  and 
18**  to  0**  respectively.  An  asterisk  designates  the  constellations 
which  are  in  Ptolemy's  list.  He  also  gives  two  others.  Corona 
Australis  and  Ara,  which  are  in  the  southern  sky. 


CONSTELLATIONS   VISIBLE   IN   NORTHERN   LATITUDES. 

Constellations  North  of  Zenith . 


J  /*Ca8siopeia 

^  \  Camclopardalis 

II  'Ursa  Major 


III 
IV 


Ursa  Minor 


A*Draco 
\  •Ccphcus 


Constellations  of  South  Zenith. 


IL 


in. 


'Andromeda 

Lynx 

Coma  Berenicis 

*Triangi]latn 

Leo  Minor 

Canes  Venatici 

♦PcrsctJS 

*Gcmini 

•Bootes 

♦Anriga 

*Canccr 

•Hercnles 

*Pis€e8 

•Leo 

•Corona  Borealis 

•Ariea 

Monoceroa 

♦Ophiuchas 

*Taurtis 

♦Canis  Minor 

•Serpens 

•Cctn8 

Sextans 

•Virgo 

*Bridanu8 

♦Hydra 

•Libra 

♦Orion 

♦Crater 

•Scorpio 

•Lcpns 
Columba 

♦Canis  Major 

•Corvns 

♦Argus 

♦Centaurus 

•Lupus 

IV. 

•Lyra 
♦Cygnus 
Lacerta 
♦Aquila  and  Antinons 
♦^igitta 
Vulpecula 
♦Defphinus 
•Bquuleus 
•Pegasus 
Scutum  Sobieski 
•Sagittarius 
•Capricornos 
•Aquarius 
♦Piscis  Australis 


From  world  to  world  his  couriers  fly, 
Thought  winged  and  shod  with  fire; 
The  angel  of  the  stormy  sky 
Rides  down  the  sunken  wire. 

—Wbittier. 
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TIME  AND  TIME  SIGNALS. 


CHARLOTTE  R.  WILLARD. 


From  the  days  when  slaves  sat  tinder  the  open  heavens  watch- 
ing the  movements  of  the  constellations  that  they  might  keep  a 
record  of  time  for  their  mcisters,  or  the  monk  counted  the  passing 
hours  by  repeating  Psalms,  or  the  more  ingenious  man  measured 
his  time  by  the  burning  out  of  a  candle,— all  the  way  down 
through  the  days  of  noon  marks  on  the  kitchen  floor  and  the 
calling  of  gatherings  at  **  early  candle  light,"— do  we  find  men 
striving  to  answer  the  now  familiar  question,  **  What  time  is  it  ?" 
These  laborious  eflForts,  with  their  varying  measure  of  failure  and 
success,  seem  to  have  come  to  almost  perfect  fruitage  in  an  age 
which  computes  time  to  the  hundredth  part  of  a  second,  and  in 
which  a  clock  must  be  regulated  to  the  tenth  of  a  second  if  it  is 
to  hold  any  place  as  a  standard  time  piece. 

The  observatory  method  of  determining  time  is  very  simple  in 
principle.  The  observer  turns  to  his  catalogue  of  stars,  and 
chooses  one  for  his  observation,  the  catalogue  giving  him  the 
time  (to  the  hundredth  of  a  second)  at  which  that  star  will  be 
on  his  meridian;  he  then  turns  to  the  telescope,  and  at  the  in- 
stant the  star  crosses  the  meridian  records  the  time  indicated  by 
his  clock.  The  catalogue  gives  the  true  time  of  passage,  and  un- 
less the  clock  gives  the  same  it  is  in  error. 

This  method  of  clock  testing  might  come  into  universal  use 
were  it  not  for  two  practical  difficulties.  First,  the  difficulty  of 
determining  when  a  star  is  on  the  meridian.  Let  the  attempt  be 
made  on  any  clear  night  to  determine  the  exact  instant  when  a 
star  passes  the  meridian,  and  the  difficulty  will  be  obvious — 
clearly  so  if  it  be  remembered  that  the  instant  of  passage  must 
be  named  with  extreme  accuracy.  This  were  indeed  an  easy  mat- 
ter if  there  were  actual  meridian  lines  drawn  across  the  heavens 
as  we  see  them  on  spheres ;  we  should  then  watch  the  star  as  it 
rose  in  the  east,  and  continued  its  westward  way  until  the  in- 
stant that  it  passed  behind  the  meridian  line.  Just  this  effect  is 
secured  by  the  Observatory  instrument  used  in  making  time  ob- 
servations. 

The  conspicuous  part  of  a  meridian  circle  is  a  telescope  so 
mounted  that  it  can  be  turned  to  any  point  on  the  meridian  from 
northern  horizon  to  southern,  but  cannot  be  turned  upon  any 
other  part  of  the  sky.  Just  back  of  the  eyepiece  of  this  telescope 
is  placed  a  series  of  fine  wires,  one  of  which  is  coincident  with  the 
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observer's  meridian.  In  observing,  these  wires  seem 
to  be  projected  as  lines  upon  the  sky,  and  the  stars 
are  seen  passing  behind  them ;  the  observer  records 
the  clock  time  of  these  passages,  and  has  the  desired 
data. 

The  second  practical  difficulty  in  the  way  of  a  uni- 
versal use  of  this  method  of  clock  correcting  is 
that  of  accurately  recording  the  time.  The  obser- 
vatory meets  this  difficulty  by  the  aid  of  the  chron- 
ograph.  The  chronograph  presents  a  revolving 
cylinder  about  which  a  sheet  of  paper  is  clamped ; 
a  fountain  pen  rests  upon  the  sheet,  tracing  a  line 
as  the  cylinder  revolves ;  an  electric  connection  with 
a  dock  causes  the  pen  to  make  a  break  in  the  line 
once  in  two  seconds.  The  observer  holds  in  his  hand 
an  electric  key  connected  by  wires  with  this  pen ;  as 
the  star  passes  a  line,  a  quick  pressure  on  the  key 
makes  a  record  on  the  chronograph  sheet.  The 
accompanying  illustration  shows  a  chronograph 
sheet  on  which  has  been  recorded  the  transit  of  a 
star.  Each  line  is  one  minute  long,  i.  e.,  it  took  the 
pen  one  minute  to  trace  it;  the  regular  dashes  are 
just  two  seconds  apart;  the  eleven  irregular  breaks 
are  the  records  made  by  the  observer  as  the  star 
passed  the  lines,  the  middle  or  sixth  being  the  record 
made  when  it  passed  the  meridian  line.  It  will  be 
noticed  that  opposite  one  dash  the  time  is  marked— 
17h  43m.  fjfQQ,  thig  ^g  jui^y  determine  the  time  on 
any  other  part  of  the  sheet  (as  where  the  star 
transit  is  recorded),  since  progress  is  made  by  two- 
second  steps.  Such  is  the  method  of  recording  meri- 
dian observations  at  Goodsell  Observatory. 

The  time  thus  carefully  determined  is  given  to  the 
world  chiefly  through  jewelers  and  railroad  com- 
panies. Prom  some  observatories  a  constant  signal 
is  sent,  telegraphing  the  time  day  and  night;  from 
others,  short  signals  are  given  at  stated  hours.  The 
time  is  telegraphed  with  extreme  accuracy  by  the 
clock  itself.  Wires  are  run  from  the  telegraph  system 
into  the  clock,  and  are  so  connected  with  a  toothed 
wheel  back  of  the  second  hand  that  the  electric  cur- 
rent b  closed  at  each  even  second,— thus  producing 
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the  sound  of  the  clock  tick  on  all  connected  instruments.  From 
Goodsell  Observatory  the  time  is  sent  out  twice  a  day,— at  ten 
o'clock  in  the  morning  and  at  nine  in  the  evening.  Any  one  com- 
ing into  the  clock  room  at  three  minutes  before  ten,  would  hear 
the  operator  at  the  time  desk  telegraphing  the  word  "time." 
This  call  of  **  time,  time,  time,"  continues  for  just  one  minute;  it 
is  simply  a  warning  to  operators  all  along  the  line  to  stop  other 
business,  and  have  their  instruments  in  readiness  for  the  free  pas- 
sage of  the  signal.  At  two  minutes  of  ten,  by  a  change  of 
switches  at  the  table,  connections  are  made  with  the  clock,  and 
for  two  minutes  the  clock  controls  the  wires,  making  itself  heard 
for  twelve  thousand  miles.  One  unfamiliar  with  the  signal  will 
naturally  question  how  the  simple  sound  of  the  clock  tick  can  be 
interpreted  so  as  to  give  the  exact  time.  Those  who  receive  the 
signal  understand  that  it  begins  at  two  minutes  of  ten,  that  just 
before  the  beat  which  marks  one  minute  of  ten,  there  will  be  a 
short  silence,  and  that  just  before  the  ten  o'clock  beat,  there  will 
be  a  longer  silence.  In  this  way,  the  meaning  of  the  signal  is 
made  perfectly  clear. 

It  is  indeed  impressive  to  stand  in  the  presence  of  the  great 
clock  as  it  sends  out  its  message  clear  and  true,  knowing  that 
hundreds  of  men  are  listening,  setting  their  clocks  and  running 
their  trains  in  obedience  to  the  message  of  a  star. 
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In  the  first  number  of  this  journal  (p.  25)  will  be  found  a  brief 
article  on  the  above  named  topic.  A  few  errors  were  made  in  the 
names  of  the  comets  on  the  plate  accompanying  that  paper.  It 
is  the  purpose  of  this  further  statement  to  correct  those  errors, 
to  add  a  few  more  orbits  of  comets  belonging  to  the  family,  and 
to  give  a  table  of  useful  data  pertaining  to  all. 

That  the  reader  may  easily  understand  the  meaning  of  the 
table  an  explanation  of  terms  commonly  used  by  astronomers  to 
define  a  comet's  orbit  is  subjoined.  We  know  of  none  better  than 
that  given  by  Professor  William  Harkness,  of  the  U.  S.  Naval  Ob- 
servatory, Washington,  D.  C,  and  found  in  full  in  the  December 
number  of  the  Sidereal  Messenger,  1887.  We  use  his  explanations 
with  some  verbal  changes. 
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When  a  comet  is  discovered  the  first  question  asked  about  it  is, 
"  What  are  its  elements  ?"  To  the  vast  majority  of  amateurs 
these  elements  are  almost  unintelligible,  and  even  to  adepts  they 
often  convey  but  a  vague  idea  of  the  orbit.  The  best  way  to 
realize  their  exact  import  is  by  making  a  model  ;*  and  by  show- 
ing how  easily  that  can  be  done,  it  is  hoped  a  fruitful  source  of 
instruction  and  amusement  will  be  brought  within  the  reach  of 
every  one  interested  in  the  subject. 

The  orbits  of  all  heavenly  bodies  are  conic  sections  whose  size, 
form  and  position  in  space  are  defined  by  six  quantities  called 
elements  which  for  brevity  are  usually  designated  by  the  follow- 
ing symbols : 

T  =  Instant  of  the  body's  perihelion  passage.  (By  perihelion  is 
meant  the  nearest  point  to  the  Sun  in  its  orbit.) 

Tt  =  Longitude  of  the  perihelion ;  in  the  case  of  the  comet,  meas- 
ured along  the  ecliptic  from  the  vernal  equinox  to  the 
comet's  ascending  node,  and  thence  along  the  comet's 
orbit  to  its  perihelion ;  in  the  case  of  the  Earth  measured 
along  the  ecliptic  from  the  vernal  equinox  to  the  peri- 
helion. 

Q  =  Longitude  of  the  ascending  node;  measured  on  the  ecliptic, 

from  the  vernal  equinox  to  the  ascending  node  of  the  orbit. 

i  =  Inclination  of  the  plane  of  the  orbit  to  the  plane  of  the 

ecliptic, 
e  =  Eccentricity  of  the  orbit,  sometimes  given  in  parts  of  the 
radius  and  sometimes  as  an  angle  ^.  Parts  of  the  radius 
are  most  convenient  for  our  purpose,  and  seconds  of 
arc  may  be  reduced  to  that  unit  by  dividing  them  by 
206,265".    When  the  angle  is  given  e  =  sin  ^. 

q  =  Perihelion  distance  of  the  body  expressed  in,  terms  of  the 
mean  radius  of  the  Earth's  orbit  as  unity. 

Amateurs  will  notice  that  for  a  parabolic  orbit  e  is  unity,  and 
in  that  case  the  elements  are  frequently  given  by  stating  T,  c»,  Q , 
1,  and  log  q.    Here  tc  has  been  replaced  by 

(ozzzTt^  a. 

which  is  counted  in  the  comet's  orbit  backward  from  the  peri- 
helion to  the  ascending  node,  and  the  perihelion  will  lie  on  the 
northern  or  southern  side  of  the  ecliptic  according  as  co  is  less  or 
greater  than  180°. 
As  ^  and  Q  are  counted  from  the  vernal  equinox,  and  iis  meas- 
*  The  mode  of  doing  tMs  is  explained  in  the  article  referred  to. 


Digitized  by 


Google 


64  Jupiter's  Family  of  Comets. 

ured  from  the  plane  of  the  ecliptic,  these  quantities  necessarily 
refer  to  a  particular  equinox  which  is  always  specified. 

It  was  long  customary  to  measure  longitudes  in  comet's  orbits 
in  the  direction  of  the  Earth's  motion,  to  limit  i  to  the  first 
quadrant,  and  to  specify  the  direction  of  the  comet's  motion, 
whether  direct  or  retrograde;  but  most  astronomers  now  prefer 
to  follow  Gauss  in  regarding  retrograde  motion  as  a  result  of  the 
inclination  passing  into  the  second  quadrant,  and  in  accordance 
with  that  view  they  measure  a  comet's  longitude  always  in  the 
direction  of  its  own  motion,  and  permit  i  to  take  any  value  be- 
tween O*'  and  180°.  The  circumstance  that  i  is  measured  at  the 
ascending  node  limits  its  range  to  the  first  and  second  quadrants , 
for  if  it  were  to  pass  into  the  third  or  fourth  quadrant  the  as- 
cending node  would  be  converted  into  a  descending  one.  For  a 
comet  having  direct  motion  the  numerical  values  of  the  elements 
are  the  same  in  the  old  system  as  in  Gauss'  system,  but  for  a 
comet  having  retrograde  motion  they  are  different,  and  in  that 
dase,  if  their  values  according  to  the  old  system  are  designated 
by  a  subscript  0,  the  equations  requisite  for  passing  from  the  old 
to  the  Gaussian  system  are: 

1    =180°-^  a>  =  360°  — (»,  =  — 07, 

fl=  flo  ^  =  2^0  —K 

There  is  frequently  much  confusion  respecting  the  angles  n  and 
07,  and  as  no  model  can  be  constructed  without  using  the  latter 
it  is  important  to  have  a  clear  understanding  of  its  relations  to 
X  and  Q  •  In  the  old  system  of  elements  ^  is  measured  from  the 
vernal  equinox,  along  the  ecliptic  in  the  direction  of  the  Earth's 
motion,  to  the  ascending  node  of  the  comet,  and  thence  along  the 
comet's  orbit,  still  in  the  direction  of  the  EartVs  motion^  to  the 
comet's  perihelion.  In  Gauss'  system  n  is  measured  from  the 
vernal  equinox,  along  the  ecliptic  in  the  direction  of  the  Earth's 
motion,  to  the  ascending  node  of  the  comet  and  thence  along  the 
comet's  orbit,  in  the  direction  of  the  comet's  motion  to  the 
comet's  perihelion.  These  definitions  may  perhaps  be  elucidated 
by  the  following  statement:  Imagine  a  perpendicular  to  the 
plane  of  the  ecliptic  erected  from  the  Sun.  Then  to  an  observer 
situated  north  of  the  ecliptic  in  that  perpendicular,  the  motion 
of  the  Earth  will  be  counter-clockwise,  and  longitudes  in  the 
Earth's  orbit  will  increase  in  that  direction.  Now  consider  a 
comet's  orbit,  imagine  a  perpendicular  affixed  to  it  in  such  a  way 
that  when  the  inclination  of  the  orbit  to  the  plane  of  the  ecliptic 
is  i  the  inclination  of  the  perpendicular  shall  be  (i  +  90**),  and 
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suppose  an  observer  so  situated  in  the  perpendicular  that  when 
i  =  0°  he  shall  be  north  of  the  ecliptic.  Then,  according  to  the 
old  system  of  dements,  for  all  possible  values  of  i  the  observer 
-will  remain  north  of  the  ecliptic,  and  the  motion  of  the  comet 
will  appear  to  him  as  counter-clockwise  when  direct,  and  clock- 
wise when  retrograde;  but  according  to  Gauss'  system  of  ele- 
ments, he  will  be  north  of  the  ecliptic  when  i  is  less  than  90^, 
south  of  it  when  /  is  greater  than  90^,  and  to  him  the  apparent 
direction  of  the  comet's  motion  will  always  be  counter-clockwise. 
Whichever  system  is  adopted,  from  his  point  of  view  n  will  al- 
ways increase  counter-clockwise,  and  to  find  the  intersection  of 
the  plane  of  the  comet's  orbit  with  the  plane  of  the  ecliptic,  or  in 
other  words,  the  line  of  nodes,  he  must  set  off  a?  clockwise  from 
the  perihelion  of  the  orbit." 

Under  q  we  spoke  of  the  mean  radius  of  the  Earth's  orbit.  By 
referring  to  the  plate  the  perihelion  and  aphelion  points  of  the 
comet  orbits  will  be  readily  seen  by  the  short  cross-lines  at  re- 
spectively the  neaiest  and  farthest  points  from  the  Sun.  The 
middle  point  of  the  line  connecting  the  perihelion  and  the  aphelion 
is  the  center  of  the  curve.  The  distance  from  the  center  to  the 
aphelion  or  perihelion  of  the  comet's  path  is  called  its  mean  dis- 
tance. The  nodes  of  the  orbits  are  called  ascending  and  descend- 
ing and  are  easily  distinguished.  All  the  bodies  whose  paths  are 
represented  on  the  plate  move  contrary  to  the  hands  of  a  watch. 
The  word  "  Tuttle  "  (Comet  III,  1858)  is  near  the  vernal  equinox. 
Below  this  word  will  be  noticed  the  cross-line  for  the  aphelion 
point  in  Bncke's  comet.  That  point  nearly  marks  the  ascending 
node  of  the  comet  path  shown  by  the  dotted  line  becoming  contin- 
uous. About  180^  distant  the  continuous  line  is  broken,  which 
marks  the  point  of  the  descending  node.  Prom  these  suggestions 
it  would  seem  that  any  popular  reader  could  easily  folio  w  all  that 
is  said  before,  if  it  be  remembered  how  the  bodies  move,  and  that 
the  dotted  portions  of  their  paths  are  thought  of  as  being  below 
the  plane  of  the  ecliptic  and  the  continuous  parts  above.  It  is 
also  believed  that  anyone  will  readily  understand  the  following 
table*  which  is  the  most  complete  one  we  know  of,  and  is  brought 
down  to  date. 

Our  readers  will  be  interested  to  know  that  the  foregoing  de- 
scription of  the  "Elements"  was  so  well  thought  of  by  C.  F. 
Chambers,  author  of  Chambers'  Handbook  of  Astronomy,  (En- 
I^Ush),  as  to  be  used  by  him  in  the  latest  edition  of  his  book  which 
IS  favorably  known  everywhere  as  an  authoril^. 

At  another  time  we  will  rive  Professor  Harkness'  rules  for 
making  a  model  of  the  comet's  orbit. 

*  Blements  haying  no  reference  are  taken  from  Annusure  of  1893,  Paris. 
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SHOOTING  STARS. 


How  to  Observe  Them  and  What  They  Teach  Us. 


W    P    DBNNINO. 


II.  PrbItIminaribs  of  Observation. 

To  acquire  a  reliable  knowledge  of  the  phenomena  exhibited  by 
any  class  of  objects  we  must  accumulate  a  great  number  of  ob- 
servations and  discuss  them  in  detail.  We  cannot,  from  a  general 
view  of  a  subject,  or  by  a  merely  superficial  acquaintance  with  its 
observational  features,  hope  to  comprehend  its  real  character  or 
to  speak  with  authority  as  to  its  scope  and  various  ramifica- 
tions. It  has  been  customary,  in  new  departments  of  science,  to 
prematurely  draw  conclusions  and  adopt  theories  on  the  basis  of 
imperfect  data.  Meteoric  astronomy  is  not,  it  is  true,  a  new 
branch,  but  its  interesting  developments  are  comparatively  recent 
and  the  state  of  our  knowledge  is  such  that  we  still  need  to  tread 
the  path  leading  to  iurther  discoveries  with  the  utmost  care  and 
circumspection.  The  great  display  of  Leonids  in  1833  may  be 
justly  said  to  have  brought  the  meteoric  branch  of  astronomy 
prominently  into  notice,  for  it  not  only  awakened  considerable 
interest  in  the  subject,  but  showed  the  importance  of  acquiring 
systematic  observations. 

The  fundamental  and  really  important  object  in  observing 
shooting  stars  is  to  record  their  apparent  paths  in  the  sky  with 
exactness.  It  is  also  desirable  to  ascertain  their  durations  of 
Bight  as  nearly  as  possible,  as  this  element,  in  the  case  of  a 
doubly  observed  meteor,  will  give  the  velocity  and  enable  the 
form  of  orbit  to  be  determined.  •*  Personal  equation  "  enters  very 
largely  into  observations  of  this  kind,  for  the  field  is  one  in  which 
errors  of  judgment  cannot  be  refined  by  instrumental  measures. 
Indeed  it  is  doubtful  if  some  observers  ever  attain  to  the  degree 
of  precision  which  the  work  essentially  requires.  Out  of  say  50 
persons  not  more  than  one  is  likely  to  excel  in  an  extreme  degree, 
and  to  possess  sufiSicient  natural  ability  and  perseverance  to 
allow  him  to  accumulate  results  of  the  high  character  required. 
This  need  not  however  prove  discouraging  for  there  is  no  reason 
why  the  most  humble  observer,  whose  small  beginnings  and  inad- 
equate methods  give  little  promise  of  success,  should  not,  by 
spurring  on  in  the  right  direction,  attain  the  necessary  precision 
and  perform  a  vast  amount  of  useful  work. 

Observations  of  shooting  stars  are  best  pursued  out  of  doors. 
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for  the  view  from  a  window  or  opening  in  an  Observatory  dome 
is  restricted,  and  the  observer  will  find  that  now  and  then  paths 
are  intercepted  and  lost  beyond  the  limits  of  his  field.  Perhaps  a 
flash  will  suddenly  startle  him,  and  although  he  sees  nothing 
more  than  that,  he  realizes  having  lost  a  fine  meteor.  Now  this 
could  scarcely  have  happened  had  he  been  observing  from  an  open 
situation.  The  writer  has  often,  on  seeing  a  flash,  turned  in  time 
to  catch  the  end  part  of  the  flight,  or  the  streak  or  train  of  a 
brilliant  meteor,  and  has  been  enabled  to  record  its  path  satisfac- 
torily though  placed  in  a  region  of  the  firmament  nearly  opposite 
to  that  he  happened  to  be  watching  at  the  time.  In  the  depth  of 
winter  when  a  starlit  sky  often  means  a  severe  frost,  the  observer 
may,  however,  well  be  excused  for  undertaking  meteor  watches 
from  an  open  window  or  some  other  partially  sheltered  situation 
for  it  is  better  that  he  should  lose  a  few  paths  than  relinquish  his 
work  entirely  owing  to  the  severity  of  the  weather.  But  it 
shotdd  always  be  the  aim  of  the  observer,  if  circumstances  are 
propitious,  to  secure  the  most  commanding  place  within  reach, 
for  the  wider  the  expanse  of  sky  under  review  the  more  numerous 
will  meteors  appear.  It  will  also  be  obvious  that  a  good  sky 
must  be  comparatively  fii-ee  from  artificial  illumination  such  as 
that  occasioned  by  gas  or  electric  light. 

A  comfortable  chair  with  the  back  inclined  at  a  suitable  angle 
;and  with  side  rests  for  the  arms  will  be  found  most  convenient  for 
this  class  of  observation.  Absolute  steadiness  and  ease  in  the  po- 
csition  of  the  observer  often  ensure  accuracy  in  the  delicate  work 
of  determining  the  paths.  It  is  the  same  in  this  as  in  some  other 
^departments ;  the  more  natural  and  steady  the  posture  of  the  ob- 
^server  the  greater  the  facility  and  precision  with  which  the  obser- 
vations will  be  made.  Of  course  he  has  to  shift  to  record  every 
meteor  seen,  but  this  is  not  an  inconvenience  on  a  cold  night,  for 
the  fr^uent  movement  aids  the  circulation.  In  frosty  weather 
I  have  often  found  it  trjring  to  use  the  chair  at  all  and  generally 
prefer  to  pace  forward  and  backward  keeping  the  eyes  constantly 
directed  toward  the  same  region  in  quest  of  meteors.  It  is  a 
good  plan  to  lean  against  a  rounded  horizontal  bar  fixed  to  up- 
'  rights  and  about  3%  feet  from  the  ground.  This  afibrds  a  par- 
tial rest  and  enables  the  observer  to  maintain  his  glance  upwards 
for  a  long  time  without  much  inconvenience. 

Every  meteor  that  is  seen  with  a  fair  degree  of  precision  should 
of  course  be  recorded  while  aU  doubtful  cases  should  be  rejected. 
To  assist  the  eye  in  quickly  determining  the  directions  of  flight  the 
observer  should  hoia  a  perfectly  straight  rod  or  wand,  about  3  feet 
long,  in  his  hand  and  project  it  upon  each  meteor  path  as  seen. 
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and  then,  runnmg  his  eye  along  the  wand,  he  can  readily  note  the 
slop^  of  the  track  relatively  to  stars  both  behind  and  in  front  of 
the  line  of  flight  and  reproduce  it  upon  his  globe  or  chart.  If  the 
eye  is  left  entirely  to  itself  in  estimating  the  directions  it  will  be 
often  found  to  be  an  untrustworthy  guide,  and  the  wand  may  be 
regarded  as  a  necessary  corrective;  in  practice  it  is  certainly 
found  a  most  efficient  aid.  The  line  of  flight  indicated  by  it  rep- 
resents an  arc  in  the  sky  which  can  be  readily  penciled  upon  the 
globe  or  chart  and  the  R.  A.  and  Decl.  of  its  initial  and  terminal 
points  read  oflF  and  catalogued.  The  swift  meteors  which  leave 
streaks  are  registered  with  great  exactness,  for  though  the  mo- 
tion is  so  rapid  that  the  nucleus  of  the  object  is  seen  very  imper- 
fectly, yet  the  luminous  streak,  that  lingers  for  a  moment  upon 
the  track,  afibrds  an  unfailing  guide  to  the  path  traversed.  Slow 
meteors  are  also  to  be  noted  with  considerable  success,  as  there  is 
often  time  to  place  the  wand  for  them  to  run  apparently  along 
its  edge  when  the  positions  may  be  easily  noted.  The  quick  me- 
teors, leaving  neither  streaks  nor  trains,  are  recorded  with 
greater  difficulty  as  every  visible  sign  of  them  is  gone  before  the 
the  wand  can  be  applied.  In  such  cases  the  observer  often  re- 
ceives a  correct  impression  as  to  the  direction  and,  if  he  is  quick 
to  utilize  it,  will  find  that  after  some  practice  the  radiants  of 
these  trainless  and  transient  bodies  may  be  as  accurately  fixed  as 
those  of  other  classes  of  meteors. 

Different  observers  employ  different  means  in  registering  the 
paths.  Some  are  in  favor  of  star  charts,  specially  constructed 
ior  the  purpose,  while  others  prefer  a  celestial  globe.  The  writer 
has  invariably  used  the  latter  and  found  it  most  effective;  the 
most  convenient  diameter  is  one  of  18  inches.  A  disadvantage 
attached  to  the  globe  is  that  it  exhibits  the  stars  in  reversed  po- 
sitions to  that  in  which  they  are  displayed  in  the  sky ;  this  is 
sometimes  a  source  of  error  and  is  liable  to  delay  identification  of 
stars  in  particular  cases,  but  these  objections  virtually  disappear 
after  practice.  The  paths  may  be  laid  on  the  globe  with  a  soft 
drawing  pencil  and  after  a  week  or  two  of  observation  (during 
the  absence  of  the  Moon)  the  radiants  should  be  determined  and 
the  tracks  may  then  be  washed  off  the  globe  without  injury  to 
its  surface. 

Star  charts  are  sometimes  prefered,  but  to  make  these  suitable 
for  the  purpose  a  special  projection  is  necessary,  for  it  will  be  ob- 
vious that  a  straight  line  upon  an  ordinary  star  map  will  not 
represent  an  arc  (or  meteor  path)  in  the  sky.  With  properly  pre- 
pared maps  (such  as  those  formerly  issued  by  the  luminous  me- 
teor committee  of  the  British  Association  or  those  now  in  course 
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of  preparation  by  Mr.  Backhouse)  there  is  necessarily  great  dis- 
tortion near  the  edges  and,  apart  from  this,  there  are  other 
drawbacks,  for  a  meteor  may  be  recorded  on  one  map  while  its 
rsldiant  lies  on  another  or  a  long  path  may  have  to  come  in  part 
on  two  maps.  On  the  whole  the  globe  is  decidedly  the  best 
means  to  be  adopted,  as  it  represents  the  entire  star-sphere  and 
will  include  all  the  paths  and  radiants  of  meteors  in  whatever 
part  of  thesky  they  are  visible,  and  thus  prevents  the  trouble  of 
the  mtdtiple  i-eferences  inseparable  from  the  use  of  star-charts. 

The  observer  must,  of  course,  post  the  details  of  every  night's 
observation  into  a  book  ruled  suitably  for  the  purpose.  There  is 
more  than  one  waj"  of  doing  this, but  the  simplest  is  undoubtedly 
the  best.  Certain  observers  have  followed  the  plan  of  describing 
the  flights  according  to  the  stars  near,  but  this  method  is  not  to 
be  recommended  for  general  purposes  though  it  serves  admirably 
to  indicate  the  paths  of  fire-balls  when  seen  casually  by  a  number 
of  diflFerent  persons.  It  is,  however,  less  accurate  and  less  definite 
than  the  simple  and  effective  plan  of  giving  the  right  ascension 
and  declination  of  the  beginning  and  end  points  of  the  path. 
Moreover  the  work  of  deducing  the  radiants  of  a  number  of  me- 
teors, roughly  noted  according  to  approximate  stars,  cannot  be 
done  with  anything  like  the  celerity  and  precision  which  the 
other  method  affords.  Let  every  habitual  observer,  therefore, 
follow  a  uniform  plan  and  register  the  R.  A.  and  Decl.  of  every 
meteor  seen.  As  an  example  of  a  catalogue  of  such  observations 
I  quote  the  following  from  my  results  obtained  on  a  clear  night 
in  August  last : 
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With  reference  to  the  duration  of  meteor  flights  this  is  an  ele- 
ment which,  in  the  majority  of  cases,  defies  exact  determination. 
But  it  should  always  be  ascertained  as  correctly  as  the  condi- 
tions allow,  for  it  is  most  desirable  to  learn  the  rate  of  velocity  at 
which  these  bodies  are  travelling  *along  their  paths.  In  the  case 
of  very  rapid  meteors  our  efforts  in  this  direction  are  baffled  by 
the  extreme  brevity  of  the  apparitions.  The  duration  is,  in  fact, 
so  short  that  any  attempt  to  measure  it  must  result  in  great  un- 
certainty for  the  visible  life  of  such  bodies  extends  scarcely  beyond 
the  fraction  of  a  second.  But  the  slow-moving  class  often  per- 
mit estimates  of  duration  approximating  the  truth.  It  is  a  good 
plan  directly  a  meteor  is  seen,  to  begin  counting  1,  2,  3,  4,  etc., 
and  to  continue  until  the  object  disappears;  then  immediately 
afterwards  to  repeat  the  operation  at  same  rate  and  to  the  same 
figure  and  determine  the  interval  occupied  by  reference  to  a 
good  time-piece.  Or  the  letters  of  the  alphabet  may  be  employed 
to  the  same  end.  The  writer  became  pretty  reliable,  some  years 
ago,  in  judging  short  periods  of  time  by  getting  a  friend  to  dis- 
charge arrows  from  a  bow,  while  he  carefully  estimated  their  time 
of  flight,  holding  at  the  same  time  a  second  or  stop-watch  in  his 
hand  by  which  he  registered  the  actual  times.  Frequent  compar- 
isons of  the  estimated  and  real  intervals  and  continued  practice 
conduced  to  greater  accuracy,  and  it  was  found  after  numerous 
trials  that  the  estimates  of  duration  of  about  2,  3,  or  4  seconds 
"were  within  about  0.25  sec.  of  error.  By  experiences  of  this 
nature  an  observer,  though  he  cannot  obtain  absolute  precision, 
may  at  least  so  far  approximate  the  truth  as  to  impart  a  value  to 
his  results.  The  necessity  for  practice  in  judging  short  intervals 
is  obvious  from  the  discordant  times  of  duration  ascribed  by  dif- 
ferent persons  to  the  same  meteor.  Instances  are  on  record 
where  the  duration  has  been  variously  estimated  from  2  or  3  sec- 
onds to  2  or  3  minutes,  and  it  is  well  known  that  individual  ideas 
as  to  these  short  periods  are  remarkably  diverse  and  inconsistent. 
A  little  preparation  of  the  character  alluded  to  is,  therefore, 
really  needed  in  order  that  this  significant  feature  in  the  observa- 
tion of  meteors  may  be  usefully  applied  in  the  determination  of 
their  velocities.  No  doubt  the  rate  of  speed  is  not  precisely  the 
same  when  we  see  a  meteor  as  it  was  when  the  body  was  outside 
our  atmosphere,  for  the  latter  acts  as  a  resisting  medium  and 
moderates  the  velocity;  indeed  some  meteors  are  observed  to 
*•  slow  up  "  and  to  come  nearly  to  a  standstill  at  the  end  of  their 
flights. 
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DESCRIPTION  OP  THE  PORTY-POOT   TELESCOPE    OF  THE 
LICK  OBSERVATORY  ECLIPSE  EXPEDITION. 


J.  M.  8CHABBBRLB. 


In  response  to  a  request  by  the  editor  for  a  description  of  the 
40-foot  telescope  used  at  the  eclipse  station,  the  following  de- 
tails are  taken  from  a  "Report "  on  the  Eclipse  of  April  16, 1893, 
whicli  I  am  at  present  preparing. 

The  objective  lens,  made  by  the  Clarks,  has  a  diameter  of  4.95 
inches.  The  focal  length  (photographic)  I  determined  with  es- 
pecial care  and  found  it  to  be  40  ft.  1.2  inches.  The  lens  forms 
part  of  the  horizontal  photo-heliograph  of  the  Lick  Observatory. 

In  deciding  upon  the  method  of  mounting,  it  was  entirely  out 
of  the  question  to  adopt  the  ordinary  equatorial  form  in  which 
the  tube  is  suspended  near  the  middle  of  its  length,  both  on  ac- 
count of  the  great  expense  attending  the  completion  of  such  a 
plan,  and  tor  the  still  more  serious  reason  of  its  instability  in  an 
exposed  position  at  a  high  altitude  where  the  atmospheric  move- 
ments were  presumably  often  quite  strong. 

Any  advantage  due  to  the  large  scale  given  by  such  a  telescope 
would,  in  a  great  measure,  be  lost  unless  great  stability  of  the 
image  on  the  photographic  plate  is  secured. 

It  was  not  deemed  advisable  to  use  the  horizontal  form  of  tele- 
scope in  connection  with  a  plane  mirror,  as  the  best  possible 
results  which  could  be  given  by  the  lens  alone  could  not  be  ob- 
tained if  an  intermediate  reflecting  surface  were  to  be  introduced, 
to  say  nothing  of  the  eflfects  produced  in  long  exposures  by  a 
rotation  of  the  image  in  position  angle  with  a  change  in  the  hour 
angle  of  the  Sun. 

Only  one  plan  was  considered  feasible,  and  that  was  to  place 
the  object-glass  on  one  fixed  pier,  and  to  mount  the  photographic 
plate  on  a  slide  (the  motion  to  be  regulated,  by  a  clock  work,  so 
as  to  give  it  the  same  velocity  as  the  Sun's  image  in  the  focus), 
the  guides  of  which  being  firmly  fastened  to  a  second  pier,  and 
both  piers  to  be  wholly  free  from  contact  with  the  great  tube. 

In  order  to  obtain,  if  possible,  coronal  features  at  a  distance  of 
several  diameters  from  the  Sun,  it  was  decided  to  use  18  X  22 
inch  plates  as  the  diameter  of  the  Moon's  image  alone  would  be 
more  than  four  and  one-half  inches. 

It  was,  of  course,  desirable  to  test  the  feasibility  of  putting  up 
such  an  instrument  by  acttially  constructing  and  erecting  it  on 
Mt.  Hamilton  before  leaving  for  South  America. 
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Fig   I.     Lick  Observatory  Eclipse  Station. 
Mina  Bronces,  Chile,  South  America, 


Fig.  2.     Lick  Observatory  Eclipse  Expedition.     Forty  foot  Telescope 

April  16,  1893. 
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The  services  of  otir  Observatory  carpenter,  Mr.  R.  P.  Frazer, 
an  unasnally  expert  mechanic,  were  placed  at  my  disposal  by 
Professor  Holden,  and  in  the  course  of  a  few  weeks,  one  of  the 
slopes  near  the  summit  of  Mt.  Hamilton  was  graced  with  the 
presence  of  a  rather  formidable  looking  structure  which  success- 
ftdly  withstood  the  winter  storms  for  several  weeks  when  it  was 
taken  apart  and  neatly  packed  for  shipment.  In  designing  and 
constructing  the  parts,  it  was  of  course  necessary  to  know  be- 
forehand the  approximate  geographical  position  of  the  eclipse 
station  in  order  to  obtain  the  proper  angle  of  elevation  of  the  in- 
clined portion  of  the  tube.  For  this  purpose  a  point  on  the  cen- 
tral line  and  about  50  miles  from  the  coast  of  Chile  was  used  as 
a  basis  for  preliminary  computations. 

I  had  at  first  concluded  to  occupy  the  station  which  Professor 
Obrecht  of  the  Santiago  Observatory  had  selected,  and  for  which 
he  had  previously  determined  the  geographical  position,  and 
which  was  eventually  occupied  by  tlie  Harvard  College  Observa- 
tory party  under  Pickering.  Later  on,  however,  I  learned 
through  some  published  information  given  by  Mr.  John  King, 
British  Consul  at  Carrizal  Bajo,  that  by  going  farther  into  the 
interior  much  higher  ground  and  better  atmospheric  conditions 
could  be  reached,  the  only  unknown  elements  being  the  geo- 
graphical locations. 

I  finally  changed  my  intended  plan  6f  going  to  Vallenar,  and, 
regardless  of  the  increased  number  of  difficalties  to  be  overcome, 
determined  to  locate  a  station  at  a  great  altitude  on  the  central 
line  to  be  found  by  personal  astronomical  observations  after  I 
reached  Chile. 

This  change  of  plan  necessitated  an  early  start.  On  my  arrival 
in  Carrizal  Bajo,  just  one  month  before  the  eclipse,  I  was  met  by 
Mr.  King,  and  together  we  spent  a  week  in  the  interior  determin- 
ing, with  the  aid  of  a  chronometer  and  sextant,,  the  astronomical 
locations  of  various  points,  and  thus  gradually  approaching  the 
central  line.  Finally  a  most  desirable  location  at  Mina  Bronces, 
very  near  the  central  line,  and  at  an  altitude  of  6,600  feet,  was 
selected  as  offering  the  best  possible  advantages.  To  secure  an 
independent  check  on  the  longitude  we  made  a  special  trip  back 
to  Carrizal  Bajo,  a  distance  of  nearly  100  miles,  the  transporta- 
tion being  by  horseback  and  railroad.  I  returned  to  the  station 
alone,  having  carried  the  chronometer  in  my  hands  the  greater 
part  of  a  distance  of  nearly  200  miles. 

To  detect  any  possible  '•tripping"  of  the  chronometer  it  was 
frequently  compared  with  other  time-pieces  during  the  journey 
on  horseback  and  train. 
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A  spot  of  ground  was  now  chosen  where  the  slope  was  such 
that  only  a  moderate  amount  of  scaflFolding  would  be  required 
to  secure  the  proper  elevation  of  the  tube,  and  from  which  the 
first  contact  could  be  observed  with  the  6-inch  Clark  equatorial. 

To  avoid  any  considerable  reflection  of  light  from  the  inside  of 
the  canvas  tube  it  was  not  only  painted  a  dead  black,  but  the 
dimensions  were  made  unusually  large,  being  2  ft.  X  2  ft.  in 
cross-section  at  the  objective  end  and  tapering  to  4  ft.  X  4  ft. 
near  the  lower  end  of  the  inclined  tube,  where  it  joined  on  to  a 
cubical  room  whose  sides  were  6  feet.  Small  iron  rings  sewed  to 
the  edges  of  the  tube  at  intervals  of  a  few  feet  served  to  secure 
the  canvas  to  the  incircling  framework  made  of  uprights  3X3 
inches  and  6  feet  long,  placed  at  intervals  of  6  feet  from  each 
other;  the  longitudinal  and  cross-bracing  consisted  of  boards 
1X3  inches  cross-section.  The  uprights  were  spliced  to  conform 
to  the  slope  of  the  ground. 

At  the  lower  end  of  the  telescope  the  rock  was  cut  away  and 
an  excavation  of  about  two  feet  in  depth  made  to  secure  greater 
^stability  by  lowering  the  whole  telescope.  The  whole  framework 
was  securely  held  to  the  Earth  by  strong  wire  guy  ropes  fastened 
to  the  top  of  every  upright  and  running  to  as  many  separate 
iron  staples  driven  into  the  rock. 

The  object  glass  was  mounted  (with  three  adjusting  screws)  in 
a  rectangular  slide  admitting  of  a  lateral  motion  of  several 
inches  in  a  frame  securely  fastened  to  the  end  of  a  vertical  rod, 
which,  in  turn,  could  be  raised  and  lowered,  and  clamped  to  a 
strongly  braced  tripod  resting  directly  upon  the  ground. 

The  three  legs  of  this  tripod  (3X3  inches)  were  set  in  ma- 
sonry formed  of  pieces  of  rock  and  a  species  of  mortar  called 
"baro  "  by  the  natives.  The  top  of  the  tripod  was  a  few  inches 
below  the  lower  side  of  the  cauvas  tube  through  which  the  rod 
passed  without  (Krect  contact,  so  arranged,  however,  that  no 
stray  light  could  enter  the  tube  through  this  aperture. 

After  the  object-glass  was  in  its  final  position  the  whole  upper 
end  of  the  tube,  with  the  exception  of  an  aperture  for  the  objec- 
tive, was  made  light-proof  by  sewing  several  thicknesses  of 
velvet  cloth  to  the  sides  of  the  tube  directly  in  front  of  the  ad- 
justing slide.  No  vibration  of  the  tube  could  in  any  way  be 
communicated  to  the  mounting  of  the  lens  and  the  adjustable 
parts  were  in  turn  protected  from  the  wind  by  the  tube  itself. 

The  cubical  room  at  the  lower  end  of  the  tube  was  formed 
by  slipping  the  already  patterned  canvas  over  the  framework  so 
that  the  top  and  three  sides  of  the  cub?  ware  completely  covered, 
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the  laps  of  the  opening,  4X4  feet  on  the  fourth  side,  were  then 
tacked  to  the  frame  which  held  the  lower  end  of  the  inclined  tnbe. 

The  bottom  and  sides  of  the  excavated  parts  of  the  room 
were  plastered  with  "  baro  "  to  prevent  the  formation  of  dust  as 
the  observers  moved  about ;  at  the  same  time  great  ri|dditj  was 
given  to  the  lower  end  of  the  tube. 

Near  the  extreme  end  of  the  room  a  rather  curiously  shaped 
framework*  (for  holding  the  angle-iron  guides  for  the  triangular 
slide  carrying  the  sensitive  plates)  resting  on  three  legs,  was  also 
securely  fastened  to  the  ground  with  a  liberal  supply  of  "baro." 

The  frame  was,  however,  first  approximately  oriented  so  that 
the  plane  of  the  slide  was  normal  to  the  axis  of  the  telescope,  and 
the  direction  of  the  guides  parallel  to  motion  the  Sun*s  image 
would  have  on  the  day  of  the  eclipse.  The  final  adjustments 
were  made  by  shifting  the  iron  slides  on  the  frame  with  suitable 
adjusting  screws.  Three  carefully  made  wheels,  whose  axes  were 
fastened  to  the  triangular  slide,  served  to  carry  the  latter. 

The  two  lower  wheels  had  knife  edges  working  in  V  groove  cut 
in  the  upper  face  of  the  lower  guide,  the  third  wheel  simply  rolled 
on  the  planed  face  of  the  upper  guide.  Directly  on  top  of  the 
highest  leg  the  clock  portion  of  one  of  our  chronographs  was 
mounted.  The  unwinding  of  a  strong  flexible  wire  wound 
around  a  drum  on  the  clock's  winding  axis  served  to  regulate  the 
velocity  of  descent  of  the  slide  to  which  one  extremity  of  the 
wire  was  fastened.  The  action  of  gravity  on  the  slide  alone  was 
tlie  motive  power  for  running  the  regulating  clock. 

The  line  joining  the  supports  for  the  photographic  plates  was 
made  parallel  to  the  line  of  motion,  so  that  the  longer  edges  of 
the  plates  should  be  parallel  to  the  equator  during  the  exposures. 

To  insure  greater  certainty  that  no  diffused  light  from  the  out- 
side should  find  its  way  through  the  canvas  the  whole  interior 
of  the  room  and  about  6  ft.  of  the  inclined  portion  was  lined 
with  an  extra  sheeting  of  black  cloth. 

The  night  before  the  eclipse  each  of  the  eight  plates  exposed 
was  placed  in  its  own  paste-board  box,  the  cover  of  which  could 
be  quickly  removed  and  replaced  for  the  exposures.  These  boxes 
were  placed  in  a  pile  in  one  comer  of  the  room;  in  the  adjacent 
corner  was  a  wooden  box  into  which  each  paste-board  box  was 
placed  immediately  after  the  exposure  of  its  plate.  During  total- 
ity I  was  alone  in  the  telescope  and  there  was  not  the  slightest 
hitch  in  the  program.  I  only  regret  that  more  plates  were  not 
made  ready  for  exposure  as  a  number  of  very  interesting  phe- 


•  Sec  Plate  No.  5,  Fig.  2. 
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nomena  could  have  been  secured  several  minutes  before  the  total 
phase.  Inside  the  tube  of  the  great  telescope  the  image  of  the 
visual  corona  extended  far  beyond  the  limits  of  the  18  X  22  inch 
plates. 

I  can  not  close  this  descriptive  paper  without  making  special 
mention  of  the  services  rendered  by  Mr.  Filip  Bray,  Captain  of 
the  mine,  and  Mr.  R.  A.  Walker,  a  mechanical  engineer  tem- 
porarily employed  at  the  mine.  During  the  six  weeks  of  my  stay 
every  possible  aid  was  given  me  by  Captain  Bray.  Mr.  Walker 
was  ever  eager  and  ready,  day  or  night,  to  climb  the  steep  trail 
to  the  station,  only  half  a  mile  away,  but  260  feet  higher  up. 

During  the  first  week  it  became  apparent  that  the  best  photo- 
graphic results  could  not  be  obtained  with  the  filtered  water 
from  the  mine;  the  salts  held  in  solution  would  become  visible  as 
a  milky  substance  when  combined  with  the  elements  used  in  mak- 
ing the  hydrochinone  developer. 

On  mentioning  this  fact  to  Mr.  Walker,  and  stating  the  disira- 
bility  of  having  distilled  water,  he  soon  discovered  (?)  a  leak  in 
the  boiler  near  the  blow-off  valve;  and  thereafter,  drop  by  drop, 
a  bucketfull  of  water  was  obtained  daily.  As  this  amount 
proved  insufficient  later  on,  when  it  was  also  used  for  a  final 
washing  of  the  plates,  Mr.  Walker  discovered  a  more  serious 
leak,  near  the  first,  the  two  together  furnishing  four  pails  of  dis- 
tilled water  daily. 

The  work  done  with  the  other  instruments  will  be  full3'  de- 
scribed in  the  forthcoming  **  Report." 

Lick  Observatory, 
Sept.  11,  1893. 


JUPITER'S  FIFTH   SATELLITE, 


B.  B.  BARNARD.* 


Inasmuch  as  the  discovery  of  a  fifth  satellite  to  the  great  planet 
Jupiter  on  the  9th  of  September  of  last  year  with  the  large  refrac- 
tor of  the  Lick  Observatory  attracted  a  great  deal  of  popular 
attention  I  have  thought  that  now,  as  this  object  is  again  under 
observation,  a  little  information  as  to  what  has  become  known 
of  it  might  be  of  still  further  interest. 

Last  winter  it  was  followed  with  the  thirty-six-inch  and  kept 
under  observation  until  January  8th,  when  the  increasing  dis- 
tance of  Jupiter  from  us  prevented  further  observation. 

•  Lick  Observatory. 
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The  dose  coincidence  of  the  satellite  period  to  half  a  day  makes 
the  elongations— the  greatest  apparent  distances  of  the  satellite 
from  the  planet,  and  near  which  times  only  is  it  possible  to  see  it 
— occnr  at  nearly  the  same  honr  of  the  night  for  long  intervals. 


OsBrre  OP  TBB  Satblutb  System  op  Jupitbr. 

These  elongations  (on  opposite  sides  of  the  planet)  are  six  hours 
apart.  In  the  first  part  of  the  summer  the  western  elongation 
occurred  while  the  planet  was  yet  below  or  too  near  the  horizon 
to  see  a  faint  object;  the  other,  the  eastern,  did  not  occur  until 
after  sunrise.  These  elongations  happen  essentially  five  minutes 
earlier  each  day.  This  has  gradually  brought  the  morning  elon- 
gation around  so  that  the  satellite  can  now  be  seen  just  before 
dawn.  It  was  first  seen  on  September  3d,  but  was  too  faint  to 
measure  satisfactorily.  On  September  15th,  however,  it  was 
well  seen,  and  twenty-one  measures  of  its  position  were  obtained. 
Combining  these  observations  with  those  of  last  year  it  is  possi- 
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ble  to   very    closely  determine  its  period  of  revolution    about 
Jupiter. 

From  observations  covering  only  three  months  I  had,  last  year 
determined  this  period  to  be  11»*,  57™,  23.06».  Dr.  A.  Marth  of 
the  Royal  Astronomical  Society,  using  the  observations  obtained 
here,  had  made  this  period  11^  57™  21.88».  The  diflFerence  be- 
tween these  results  may  appear  insignificant,  but  when  it  is 
known  that  the  little  satellite  makes  two  revolutions  around 
Jupiter  every  day  it  will  be  seen  that  it  counts  up  in  the  course  of 
a  year,  and  it  was  necessary  to  predict  its  motion  that  far  in  ad- 
vance. This  difference  would  be  nearly  two  and  a  half  seconds  a 
day,  and  in  a  year's  time  would  be  a  very  serious  quantity  in- 
deed. However,  from  the  short  time  that  the  satellite  was  under 
observation  it  was,  after  all,  not  so  great  a  discrepancy  as  one 
might  suppose. 

Between  the  observations  at  the  time  of  discovery  in  1892,  un- 
til those  of  this  year,  the  satellite  had  performed  740  revolutions. 
With  such  a  large  divisor  as  this,  any  careful  observations  now 
ought  to  give  a  very  satisfactory  determination  of  the  periodic 
time. 

I  have  again  carefully  computed  its  period  from  the  observa- 
tions of  1892,  September  10th,  and  1893,  September  15th,  and 
the  result  is:  Period,  11^  57"  22.56%  which  will  perhaps  be  cor- 
rect to  within  a  tenth  of  a  second  of  time. 

It  will  be  seen  that  this  period  is  .50"  less  than  my  former  deter- 
mination, and  .68"  greater  than  Marth's  restdt,  or  almost  exactly- 
agreeing  with  their  mean. 

From  my  own  measurements  I  have  determined  the  following 
facts  about  the  smallest  of  the  Jovian  moons : 

Its  mean  distance  from  the  center  of  Jupiter  is  112,000  miles,  or 
about  67,000  miles  from  the  surface  of  the  planet.  The  orbit 
seems  to  be  sensibly  elliptic,  differing  somewhat  in  that  respect 
from  the  orbits  of  the  other  four  satellites.  This  orbit  lies  in  the 
plane  of  Jupiter's  equator,  as  do  the  orbits  of  the  other  satellites. 
The  motion  of  the  fifth  moon  about  its  primary  is  16.4  miles  a 
second,  making  it  the  most  rapidly  revolving  satellite  known. 
Though  Phobos,  the  inner  satellite  of  Mars,  revolves  around  that 
planet  in  about  7%  hours,  yet  so  great  is  the  circuit  of  Jupiter's 
new  moon  that  it  actually  travels  some  twelve  times  swifter 
than  the  Martian  satellite ! 

What  is  its  size?  This  is  by  far  the  most  difficult  thing  to.  de- 
termine about  it,  since  it  is  merely  a  point  and  presents  no  meas- 
urable disc.  There  are,  however,  several  things  that  tend  to  limit 
our  maximum  estimate  of  its  size. 
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First—- From  very  careftil  considerations  of  the  estimate  of  its 
brightness  I  have  conclnded  that  if  it  were  seen  off  on  the  sky, 
away  from  the  glare  of  the  planet,  it  wonld  shine  as  a  star  of  the 
thirteenth  magnitude.  If  such  is  a  true  estimate  of  its  light,  and 
if  its  surface  has  the  same  reflective  capacity  as  that  of  Jupiter, 
it  is  about  one  hundred  miles  in  diameter. 


o 

V 


Rblativb  Sizes  of  Jupiter's  Satbllitbs. 

Second— Under  the  most  favorable  conditions  and  under  the 
highest  magnifying  power  of  the  thirty-six  inch,  it  has  never 
shown  any  sensible  disc,  but  appears  as  a  stellar  point,  while  the 
other  satellites  readily  expand  into  veritable  moons  with  ordin^ 
ary  telescopic  power.  If  it  were  much  over  one  hundred  miles  in 
diameter  it  would  show  a  sensible  disc  with  the  g^eat  telescope. 

Third— the  most  careful  scrutiny  has  so  far  failed  to  show  any 
trace  of  its  shadow  on  the  surface  of  Jupiter,  when  it  should  have 
been  projected  on  the  planet.  If  the  satellite  were  very  much 
above  one  hundred  miles  in  diameter  this  shadow  would  be  seen. 
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The  shadows  of  the  other  satellites  are  visible  when  crossing  the 
jplanet  as  large  black  drops  of  ink.  Hence  there  seems  to  be  good 
reason  for  believing  the  new  satellite  to  be  not  much  over  one 
hundred  miles  in  diameter ;  it  may  be  less. 

The  smallest  telescope  will  show  the  four  old  moons— indeed  it 
has  been  claimed  that  one  or  more  of  these  satellites  has  been 
seen  with  the  naked  eye.  Professor  George  Davidson,  in  the  clear 
skies  of  the  Sierras,  has  seen  two  of  them  as  one  with  the  naked 
eye  when  near  each  other,  and  at  some  distance  from  the  planet. 
This  new  satellite,  however,  is  game  only  for  the  most  powerful 
instruments.  So  far,  since  its  discovery,  it  has  been  reported  as 
seen  with  the  following  telescopes :  The  two  26-inch  telescopes  at 
Washington  and  the  University  of  Virginia;  the  23-inch  at  Prince- 
ton, where  Professor  Young  and  his  assistant,  Mr.  Read,  saw  it 
before  the  other  large  telescopes  got  any  observation  of  it ;  the 
18.6  inch  at  Evanston,  111.,  where  Professor  Hough  saw  it  and 
said  it  was  the  most  difficult  of  objects.  In  England  Mr.  Com- 
mon saw  it  with  his  great  5-foot  mirror.  Mr.  Newhall  with  the 
26-inch  telescope  at  Cambridge,  England,  saw  it  and  reported  it 
as  being  an  excessively  difficult  object.  For  some  reason  it  was 
not  seen  on  the  continent  at  all.  This,  so  far  as  I  have  been  able 
to  learn,  is  a  list  of  all  the  telescopes  that  have  yet  shown  the 
new  satellite. 

To  give  one  an  idea  of  the  relative  size  of  this  new  moon,  com- 
pared with  the  older  satellites,  it  is  only  necessary  to  say  that  the 
third  satellite,  the  largest  of  the  four,  is  over  twenty  thousand 
times  greater  than  it  in  volume. 

In  the  May  number  of  Astronomy  and  Astro-Physics  is  an 
interesting  article  concerning  this  satellite  by  Dr.  Wilhelm  Meyer, 
of  Berlin,  who  shows  that  its  proximity  to  the  great  planet 
places  it  in  a  very  dangerous  position.  It  lies  just  without  what 
is  called  ''Roche's  limit,"  within  which  a  satellite  could  not  exist, 
as  the  enormous  attraction  of  Jupiter  would  tear  it  to  pieces  un- 
less its  density  was  greater  than  that  of  any  known  substance. 

In  the  course  of  his  paper.  Dr.  Meyer  says  since  the  diameter  of 
this  object  is  so  small,  ''it  is  to  be  concluded  with  certainty  that 
a  freely  movable  object  on  the  surface  of  the  new  Moon  must  im- 
mediately fly  away  from  it  towards  Jupiter  as  soon  as  the  latter 
rises  above  the  horizon.  ♦  ♦  ♦  The  probabilities  are  therefore 
many  thousands  to  one  that  the  new  satellite  is  not  able  to  hold 
freely  movable  objects  on  its  surface." 

To  those  who  like  to  people  the  planets  and  satellites  with  in- 
habitants this  will  be  interesting,  for  a  resident  of  this  little 
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moon  would  have  to  anchor  himself  pretty  fast  when  Jupiter 
was  visible,  or  he  wonld  very  qttickly  becoxne  an  inhabitant  of 
the  great  planet  itself! 

Dr.  Meyer  continues :  **  With  the  impulse  of  bodies  not  held  at 
the  surface  by  molecular  forces  to  fly  towards  Jupiter  will  be 
combined  their  motion  in  the  orbit  of  the  satellite ;  the  bodies 
leave  the  satellite  and  scatter  themselves  along  the  orbit,  forming 
a  ring,  whose  diameter  must  be  less  than  that  of  the  satellite's 
orbit  and  which  must  resemble  in  every  respect  the  gauzy,  trans- 
parent ring  which  the  bright  ring  of  Saturn  surrounds.  If  more 
and  more  objects  come  to  it,  dust,  rock  that  has  crumbled  away 
from  the  satellite,  then  the  ring  will  become  even  denser  and  fi- 
nally resen^ble  the  bright  rings  of  Saturn.  At  the  outer  edge  of 
this  ring,  the  original  satellite  wUl  continue  to  revolve  and  feed 
the  ring  with  ithe  objects  which  have  deserted  it.  *  *  *  *.This 
process  of  crumbling  to  pieces^  working  very  slowly  to  be  sure, 
but  incessantly,  will  constantly  reach  deeper  strata  as  soon  as 
the  upper  ones  are  loosened  and  all  fiagments  are  dispersed  over 
the  ring.  We  caQ  therefore  maintain  to-day,  many  thousands  to 
one,  that  the  ififth  satellite  of  Jupiter  b^an  long  ago  to  form 
such  a  ring,  a'nd  thus  Jupiter  possesses,  at  the  present  time,  just 
as  Saturn  does,  a  ring  at  the  distance  of  this  satellite." 

He  considers,  hoivever,  that  this  ring  is  probably  too  faint  ever 
to  be  detected. 

80  far  this  satellite  has  not  received  any  name,  although  many 
names  have  been  suggested  for  it.  Most  of  these  are  mythologi- 
cal and  have  some  connection  with  Jupiter.  Columbia,  on  ac- 
cotmt  of  the  satellite  being  found  in  the  Columbian  year,  and 
Eureka,  because  of  California,  the  State  in  which  it  was  discov- 
ered, have  been  suggested.  It  would  seem,  however,  almost  to 
have  found  itself  a  name— ^*  The  Fifth  Sateffite." 

In  astronomical  literature  there  is  a  strong  tendency  to  call  it 
simply  "The  Fifth  Satellite,"  as  it  was  called  in  the  announce- 
ment of  discovery.  There  is  some  opposition  to  this,  as  it  might 
be  misleading.  The  Other  satellites  of  the  giant  planet,  besides 
their  mythological  names,  are  also  designated  as  I,  11,  III,  lY, 
with  the  Roman  numerals,  in  the  order  of  their  distance  from 
Jupiter.  If  now  the  new  one  is  called  V  it  would  imply  that  it  is 
the  most  distant  of  the  satellites,  while  in  reality  it  is  the  nearest 
of  all  to  the  planet,  and  ought  by  all  means,  according  to  this 
method  of  numeration,  to  be  Satellite  I,  which  would  necessitate 
a  renumbering  of  the  satellite  system.  I  would  say,  also,  in  this 
connection,  that  the  celebrated  French  astronomer,  Camille 
Plammarion,  has  written,  suggesting  the  name  Amalthea,  the 
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nurse  of  Tupiter  (the  smallness  of  the  satellite  woiild  make  this 
namerauier  inappropriate),  and  giving  various  reasons  why  it 
should  be  so  called. 

The  most  that  can  be  said  at  present  is  that  it  is  yet  nameless, 
and  may  so  remain.  The  mythological  names  of  the  four  older 
satellites  are  seldom  used.  It  may  be  necessary,  however,  to  give 
it  a  mythological  name  to  prevent  confusion. 

As  was  the  case  when  Professor  Hall  discovered  the  satellites  of 
Mars,  many  theories  have  been  offered  to  account  for  the  presence 
of  the  new  body.  The  asteroid  zone  between  Mars  and  Jupiter  is 
an  endless  source  of  material  for  such  theories.  It  was  suggested 
in  1877  that  the  Martian  satellites  were  asteroids  captured  by 
Mars  from  the  asteroid  zone  lying  outside  his  orbit.  These  same 
theorizers  have  not  failed  to  come  up  again  and  suggest  that  the 
fiffch  moon  o/ Jupiter  is  a  captured  asteroid  from  the  zone  of  aste- 
roids lying  insioe  the  orbit  of  Jupiter.  They  never  try  to  account 
for  the  satellites  of  Saturn,  Uranus  and  Neptune  this  way,  because 
the  asteroid  mine  is  too  far  off;  yet  they  are  similar  bodies,  and 
.undoubtedly  had  a  similar  origin.  There  is  no  question  that  this 
satellite  has  been  there  all  along,  and  for  infinite  ag^  has  perform- 
ed its  revolutions  about  the  planet,  undetected  until  the  night  of 
1892,  September  9th. 

So  great  and  overpowering  is  the 
brilliancy  of  Jupiter  in  the  great 
telescope  that  it  is  impossible  to  see 
the  small  moon  without  extraordi- 
nary precautions  to  get  rid  of  the 
,  dazzling  light  of  the  planet,  as  or- 
dinarily the  eye  is  so  blinded  with 
I  the  glare  that  the  satellite  cannot 
be  seen.  With  an  opaque  bar 
across  the  field  of  view,  the  planet 
may  be  hidden  and  the  satellite 
thus  separated  from  it  can  be  seen. 
But  in  measuring  the  position 
of  the  small  star-like  point  it  is 
necessfuy  to  see  both  it  and  Jupiter  at  the  same  time.  To  make 
tihis  possible  a  film  of  mica,  carefully  darkened  by  the  smoke  of 
a  lamp,  is  stretched  across  one-half  the  field  of  view.  The  planet 
is  then  placed  behind  this  screen  where  it  can  be  clearly  seen,  but 
witih  its  light  greatly  dulled,  while  the  satellite  is  visible  in  the 
unobscured  part  of  the  fidd,  thus  making  it  possible  ]to  see  both 
objects  at  once. 

To  illustrate  graphically  the  smallness  of  the  new  satellite 
and  to  show  its  position  in  the  Jovian  system,  I  append  a  couple 
of  diagrams.  To  those  who  are  familiar  with  the  moons  of  Jupi* 
ter  this  will  show  what  a  tiny  speck  this  little  object  really  is. 
Compared  with  Jupiter  itself,  however,  it  becomes  utterly  insi^if- 
icant,  for  the  great  planet  is  niw  hundred  times  greater  than  it  in 
diameter,  while  the  volume  of  the  satellite  becomes  infinitesimally 
small  when  contraste^d  vrith  the  enormous  bulk  of  ^uioiter. 
Mt.  Hamilton, 
September,  1893. 
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CHARLOTTB  R.  WILLARD. 


The  Ibllowiiig  ttateiiieiiti  are  true  for  Nortbfield,  Minnesota,  October  20, 
1898,  at  9  P.  M.  Thej  will  be  equally  aenriceable  for  any  other  night  if  it  be  re- 
membered that  for  each  preceding  erening  foor  minutes  should  be  added  to  the 
time«  and  that  for  each  snooeediag  CTcning  foor  minutes  should  be  subtracted. 

The  most  striking  olgect  in  the  hearens  at  this  time  is  the  planet  Jupiter,  two 
and  a  half  hours  above  the  horixon  in  the  northeast,  and  diining  with  a  bfil- 
fiancy  five  or  six  times  that  of  the  brightest  fixed  star. 

There  are  fire  first  magnitude  stars  in  Tiew.  ThQT  are  here  named  In  the 
order  of  their  brightness:  Vtga,  (a  Lyrae),  which  four  and  a  half  hours  ago 
crossed  the  meridian  at  a  distance  of  six  degrees  from  the  zenith,  twenty  years 
ago  sent  out  the  Hght  which  reaches  us  to-night— this  is  true  eren  though 
"for  every  breath  you  draw  light  travels  half  a  million  of  miles."  Capella 
(a  AnrigK,  which  perhaps  should  be  named  before  Vega),  the  most  northern  of 
first  magnitude  stars,  is  seen  in  the  northeast  at  a  distance  of  twenty-nine  light 
years.  Thus  the  light  which  reaches  us  from  Capella  is  nine  years  older  than 
that  which  arrives  at  the  same  time  from  Vega.  Altair  crossed  the  meridian 
thirty'^six  degrees  south  of  the  aenith  and  more  than  an  hour  later  than  Vega; 
its  distance  is  sixteen  and  three-tenths  Hght  years.  The  red  iJdebaran  (a  Tauri) 
rose  toward  the  north  an  hour  and  a  quarter  ago;  its  distance  is  twenty-seven 
light  years.  The  fifth  star  is  Pormalhaut  {a  Piscis  Australia)  which  some  au- 
thorities do  not  class  as  of  first  magnitude— it  is  the  most  southern  of  first  mag- 
nitude stars  visible  in  our  latitude,  and  is  just  crossing  the  meridian  twenty 
degrees  above  the  horizon. 

Returning  to  the  star  Aldebaran,  we  find  it  in  a  rich  and  familiar  region,  it 
being  the  brightest  star  in  Taurus,  and  one  of  the  five  which  make  up  the  lesser 
group  Hyades;  this  group  is  rich  in  douUes  and  is  fnll  of  interest  for  the  owners 
of  small  glasses.  Preceding  it  by  about  fifty  minutes  is  the  well  known  closely 
packed  little  group  Pleiades.  The  Pleiades  afford  an  interesting  test  of  eye-sight 
—ordinary  vision  readily  finds  six  stars,  many  have  seen  seven,  and  one  observer 
is  recorded  as  having  seen  fourteen ;  the  opera  glass  greatly  increases  this  number 
a  photograph  taken  at  the  Paris  Observatory  shows  two  thousand  three 
hundred  and  twenty -six,  the  plate  covering  about  three  square  degrees. 

Half  way  between  Aldebaran  and  the  seat  of  Cassiopeia's  chair  and  a  little  be- 
low the  line  joining  their  centres,  is  the  variable  star  Algol.  Algol  is  usqallva 
second  magnitude  star  but  once  in  two  days,  &^  Hours  and  forty-nine  ssioSas 
it  loses  about  five-sixths  of  its  light  passing  from  maximum  to  minimum  in 
about  four  and  a  half  hours;  it  remains  at  minimum  twenty  minutes.  To  learn 
the  times  of  change  in  October  see  table  on  page  41,  No.  1,  Vol.  I.  which  gives  the 
minima  to  the  nearest  hour. 

The  great  nebula  of  Andromeda  mav  be  located  by  taking  as  pointers  x  and 
a  of  Cassiopeia  (these  are  two  diagonally  opposite  stars  in  the  seat,  neither  be- 
inff  adjacent  to  the  back),  and  following  their  line  south  for  about  fifteen  d^n'ces, 
when  we  shall  come  to  a  hazy  spot  which  is  the  brighte;ft  of  all  nebnUe.  lliis  is 
in  a  more  convenient  position  an  hour  earlier.  An  opera-^^lass  does  good  service 
if  one  has  no  telescope,  the  nebula  is,  however,  clearly  visible  to  the  naked  eye. 
In  it  appeared  the  sixth  magnitude  temporaiy  star  of  1886  which  a  few  months 
later  was  bevond  the  reach  of  even  the  largest  telescopes,  x  Andromeds  is  one 
of  the  most  beautifnl  doubles  in  the  heavens,  it  may  be  found  fifteen  degrees  firotii 
^gol,  on  the  line  joining  that  star  and  the  Great  Nebula,  for  this  star  tne  magni* 
tiSks  5.5, 6.8  have  been  thought  probable. 
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H.  C.  WILSON. 


Mercury  will  be  ** evening  star"  during  the  greater  part  of  NoYember,  coming 
to  greatest  eastern  elongation,  23^  east  from  the  Snn,  on  the  evening  of  Nov.  5. 
It  win,  however,  then  be  at  nearly  its  greatest  southern  declination,  so  that  it 
can  be  seen  by  northern  observers  only  at  a  very  low  altitude.  In  the  southern 
hemisphere  the  position  of  the  planet  will  be  favorable  for  observation  during  the 
first  half  of  the  month.  On  Nov.  26,  at  6  a.  m.  Central  time.  Mercury  will  be  at 
inferior  conjunction  with  the  Sun.  The  planet  will  then  be  1^  25'  north  of  the 
Snn*8  center. 

Venna  will  also  be  evening  star  during  November  and  will  be  in  splendid  posi- 
tion for  observation  from  the  southern  hemisphere  of  the  Barth,  but  northern 
observers  must  content  themselves  with  views  at  low  altitudes.  The  phase  of 
Venus  will  be  a  little  more  than  half  full  and  gradually  decreasing,  while  the 
apparent  diameter  of  the  disk  will  increase  from  18'^,  Nov.  1,  to  2A/\  Dec.  1. 
The  crescent  Moon  will  pass  Venus  about  noon  Nov.  12,  so  that  on  that  even- 
ing and  the  preceding  the  two  brilliant  objects  will  be  near  together. 

Man  will  be  morning  planet  and  may  be  seen  in  the  morning  twilight  but  at 
so  low  an  altitude  that  observations  will  be  useless. 

Jupiter  is  the  object  of  objects  to  be  observed  by  amateur  astronomers  during 
Noveml>er.  The  planet  comes  to  opposition  Nov.  18.  It  will  therefore  be  visible 
during  the  whole  night,  and  as  its  declination  is  between  18^  and  19^  north  of 
the  equator,  its  meridian  passage  will  be  at  a  high  altitude.  The  diameter  of 
Jupiter's  disk  during  this  month  will  be  about  47^',  so  that  not  only  the  belts  but 
many  small  spots  and  much  fine  detail  on  the  planet's  surface  ought  to  be  visible 
with  telescopes  of  moderate  power.  No  one  can  mistake  this  planet,  for  his 
Splendid  brilliancy  outshines  any  other  object  in  the  evening  sky,  with  the  excep- 
tion of  the  Moon.  The  latter  will  pass  by  Jupiter,  about  4^  to  the  north,  at 
about  4  o'clock  on  the  morning  of  Nov.  23.  Jupiter's  apparent  motion  will  be 
westward  in  the  constellation  Taurus,  a  little  way  south  of  the  Pleiades.  Por 
the  phenomena  of  the  satellites  see  the  tables  which  follow  these  notes. 

Saturn  has  just  come  out  from  conjunction  with  the  Sun  and  cannot  yet  be 
seen  to  advantage. 

Uranus  will  be  in  conjunction  with  the  Sun  at  midnight  Nov.  2. 
Neptune  is  approaching  opposition  and  is  at  a  high  northern  declination,  so 
that  he  may  be  observed  under  the  most  favorable  circumstances.  The  trouble 
with  this  planet,  for  amateurs,  is  that  its  disk  is  so  small  that  it  cannot  be  recog- 
ni^  by  that  with  small  telescopes,  and  its  motion  is  so  slow  that  just  now  it 
requires  two  or  three  days  to  make  the  change  of  position  noticeable.  In  a  pho- 
tograph taken  at  Gaodsell  Observatory  on  the  evening  of  Sept.  21,  with  the 
2V^inch  camera,  Neptqne  is  on  a  direct  line  between  the  stars  i  and  e  of  the  con- 
stellation Taurus  and  about  one  fifth  of  the  distance  from  the  former  to  the 
latter  star.  During  October  and  November  the  planet  will  move  only  1^  23'  west 
and  11'  south  from  its  present  position.  There  is  but  one  star  as  bright  as  Nep- 
tune within  a  radius  of  a  degree,  or  twi«e  the  Moon's  diameter,  and  that  star  is 
toward  the  north  from  the  planet,  so  that  it  is  now  comparatively  easy  to  iden- 
tify the  planet. 
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Planet  Tables  for  November. 

[The  tfanet  ghrcn  are  local  time  for  Northfield.    To  obtain  Standard  Times  for  Placet 


Thne 

MERCURY. 

Date. 

R.A. 

DecL 

RlMt. 

Tranrftt. 

Sett. 

1898. 
Not.      5... 
16.., 
26.. 

li      m 
...16  17.2       - 
...16  44.7       - 
...16  15.1       ■ 

o         / 

-24  10 
-24  25 
-20  33 

li    m 

8  57  A.  M. 
8  45     f 
7  18    " 

h       m 

1  16.3  p.m. 
1  04.3     " 
11  66.4  A.  M. 

h   m 

6  36  p.m. 
5.24    " 
4  33     *' 

VBNUS. 

Not. 

6.., 
15.., 
25... 

...17  63.6 
...18  43.8       - 
...19  31.8       - 

-26  11 
-25  69 
-24  41 

10  33  a.m. 
10  63    •• 
10  55    •• 

MARS. 

2  62.2  P.  M. 

3  03.1     " 
3  11.6    •• 

7  01  P.  M. 

7  13    " 
7  28    " 

Not. 

5... 
15... 
26... 

...13  23.7       - 
...13  48.4 
...14  13.7       - 

-  7  59 

-  10  27 

-  12  48 

4   61  A.  M. 
4  47    •• 
4  42    " 

JUPITER. 

10  23.2  A.  M. 
10  08.6    " 
9  54.4    " 

3  55  P.  M, 
3  30    " 
3  06    " 

Not. 

6... 
15... 
26... 

...  3  44.0       + 18  38 
...  3  38  6       +  18  20 
...  3  33.0       -f-  18  03 

6  20  p.m. 
4  36    ** 
3  53     *' 

12  41.2  A.  M. 
11  66.4  p.m. 
11  11.5    " 

8  02  a.m. 
7  17    *• 
6  30    " 

SATURN. 

Not. 

6... 
16... 
25... 

...13  14.1 
...13  18.3       - 
...13  22.2       - 

-  5  24 

-  6  48 

-  6  10 

4  32  A.  M. 
3  68    •* 
3  24    " 

URANUS. 

10  13.6  a.m. 
9  38.5    " 
9  03.2    " 

3  56  P.  M. 
3  19    " 
2  24    " 

Not. 

6... 
16... 
26... 

...14  36.6       - 
...14  38.1       - 
...14  40.4       - 

-14  61 
-16  01 
-16  12 

6  32  A.  M. 
6  56    ** 
5  19     " 
NEPTUNE. 

11  34.9  A.  M. 
10  58.0     " 
10  21.1     " 

4  38  p  M. 
4  00    " 
3  23    " 

Not. 

5... 
16... 
26... 

...  4  46.7       H 
...  4   15.6       - 
..  4  44.4       - 

h20  48 
-20  46 
-20  44 

6  12  p.m. 
.      6  32    " 
4  52    " 

THE  SUN. 

1  43.6  a.m. 
1  03.2    •* 
12  22.8    *' 

9    15  A.M. 

8  34    " 
7  54    " 

Not. 

6... 
15..., 
26... 

..14  44.4       - 
..15  25.0       - 
..16  06.9 

-14  66 
-18  42 
-20  65 

6  41  A.  M. 

6  59    " 

7  12    " 

11  43.7  a.m. 
11  44.8    " 
11  47.3    " 

4  47  P.  M. 
4  31     " 
4  13    " 

OcctaltationB  Visible  at  Washin^on 


Date 
1898. 


Not. 


14 
15 
17 
18 
22 
24 
26 


Star's 
Name. 


Magni- 
tude. 


B.A..C.  7077....6.4 
33  Capriconii..6.7 

74  Aqnarii 6.0 

24  Pitciam 6.1 

r«  Arietis 5.3 

136  Taari 6.3 

CO*  Cancri 6.0 


IMMERSION  EMERSION 

Watlilns-    Angle      Washing-  Angle 
ton  M.  T.    f 'm  N  pt.  ton  m.  t.  f 'm  N  pt.  Duration. 


h  m 

6  22 

7  06 
2  14 

11  37 

9  01 

17  61 

13  62 


127 

74 

64 

30 

125 

T44 

138 


h 

6  66 

8  19 
3  23 

12  36 

9  30 
18  30 
14  67 


183 
219 
262 
260 
173 
227 
249 


h 
0 

1 
1 
0 
0 
0 

1 


m 
34 
14 
09 
59 
29 
39 
06 
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Phenomena  of  Jupiter's  Satellites. 

h     m 

Nov.    2     2  31  A.  M.  II  Sh.  In.                Nov. 

3  23     *'  II  Tr.  In. 

4  61     •*  II  Sh.  Eg. 

6  38     "  II  Tr.  Eg. 

8  5  21      "  I  Ec.  Dis. 

7  64  '•  I  Oc.  Re. 
9  3S  P.  M.  II  Ec.  Dis.  • 

4  12  32  ▲.  li.  II  Oc.  Re. 

2  38     "  I  Sh.  In. 

3  01     "  I  Tr.  In. 

4  60  "  I  Sh.  Eg. 
6  12     •*  I  Tr.  Eg. 

11  60  P.  M.  1  Ec.  Dis. 

6     2  20  A.  M.  I  Oc.  Re. 

6  10  P.  M.  II  Sh.  Eg. 

6  46     ••  II  Tr.  Eg. 

9  06     "  I  Sh.  In. 

9  27     "  I  Tr.  In. 

11  18     "  I  Sh.  Eg. 

11  38      •*  I  Tr.  Eg. 

6  6  19     ••  I  Ec.  Dis. 

8  46      "  I  Oc.  Re. 

7  1  14  A.  li.  Ill  Sh.  In. 

2  41     ••  III  Tr.  In. 

3  01     "  III  Sh.  Eg. 

3  66  "  III  Tr.  E<?. 
6  47  P.  M.  I  Sh.  Eg. 
6  04     •*  I  Tr.  Eg. 

9  6  08  A.  M.  II  Sh.  In. 

6  38     •*  II  Tr.  In. 

7  29     •*  II  Sh.  Eg. 

7  64     *'  II  Tr.  Eg. 

10  7  16  A.  M.  I  Ec.  Dis. 
6  22  P.  M.  Ill  Oc.  Re. 

11  12  08  A.  M.  II  Be.  Dis. 

2  46     ♦*  II  Oc.  Re. 

4  32  "  I  Sh.  In. 
4  44  "  I  Tr.  In. 
6  46  "  I  Sh.  Eg. 
6  66     "  I  Tr.  Eg. 

12  1  46     "  I  Ec.  Dis. 
4  02     "  I  Oc.  Re. 
6  27  P.  li.  II  Sh.  In. 
6  46     ••  II  Tr.  In. 

8  47     "  II  Sh.  Eg. 

9  02  ••  II  Tr.  Eg. 
11  01  ••  I  Sh.  In. 
11  10     "  I  Tr.  In. 

13  1  13  A.  M.  I  Sh.  Eg. 
1  21  "  I  Tr.  Eg. 
8  14  p.  li.  I  Ec.  Dis. 

10  30     "  I  Oc.  Re. 

14  6  14  A.  M.  Ill  Sh.  In. 

6  66     "  III  Tr.  In. 

7  01     "  III  Sh.  Eg. 

In.  denotes  ingrtn;  Bg.tKnaa;  Di«.,  disappearance;  Re,  reappearance;  Be.,  eclipne; 
Oc.,  occnltation ;  Tr.,  transit  of  the  satellite ;  8li.,  transit  of  the  shadow.  Only  the  phe- 
nomena visible  in  the  United  States  are  given. 


h    m 

7  12  A.  li. 

III 

Tr.  Eg. 

6  29  P.  M. 

1 

Sh.  In. 

6  36     •• 

I 

Tr.  In. 

7  42     •• 

I 

Sh.  Eg. 

7  46     " 

I 

Tr.  Eg. 

16 

4  56     " 

I 

Oc.  Re. 

17 

7  10     *' 

III 

Ec.  Dis. 

8  43     " 

III 

Ec.Re. 

18 

2  42  A.  M. 

II 

Oc.  Dis. 

4  68     •' 

11 

Oc.  Re. 

6  27     " 

I 

Sh.  In. 

6  27     •• 

I 

Tr.  In. 

19 

3  37     " 

I 

Oc.  Dis. 

648     •• 

I 

Oc.  Re. 

9  01  p.  li. 

II 

Tr.  In. 

9  04      ** 

II 

Sh.  In. 

11  17      *• 

II 

Tr.  Eg. 

11  25      " 

II 

Sh.  Eg. 

20 

12  53  A.M. 

I 

Tr.  In. 

12  65      " 

I 

Sh.  In. 

3  04      •' 

I 

Tr.  Ejf. 

3  08      •• 

I 

Sh.  Eg. 
Oc.  Dis. 

10  03  p.  M. 

I 

21 

12  17  A.  M. 

I 

Ec.  Re. 

6  14  p.  M. 

II 

Ec.  Re. 

7  19      •• 

I 

Tr.  In. 

7  24      •« 

I 

Sh    In. 

9  30      •• 

I 

Tr   Eg. 

9  36      '* 

I 

Sh.  Eg. 

22 

4  28      •• 

I 

Oc.  Re. 

6  45      ** 

1 

Ec.  Re. 

24 

10  34      " 

III 

Oc.  Dis. 

26 

12  44  A.  M. 

III 

Ec.  Re. 

4  65     ** 

II 

Oc.  Dis. 

26 

11  17  P.  li. 

H 

Tr.  In. 

11  42      •* 

II 

Sh.  In. 

27 

1  33  A.  M. 

11 

Tr.  Eg. 

2  03      *• 

11 

Sh.  Eg. 

2  36       * 

I 

Tr.  In. 

2  60      " 

I 

Sh.  In. 

4  47      '• 

I 

Tr.  Eg. 

6  02      •• 

I 

Sh.  Eg. 
Oc.  Dis, 

11  47  P.M. 

I 

28 

2  12  A.  M. 

I 

Ec.  Re. 

6  01  P.  M. 

11 

Oc.  Dis. 

8  50      ** 

II 

Ec.  Re. 

9  02      '* 

I 

Tr.  In. 

9  18      •• 

I 

Sh.  In. 

11  13      •' 

I 

Tr.  Eg. 

11  31      " 

I 

Sh.  Ep. 
Oc.  Dis. 

29 

6  13      '* 

I 

8  41      " 

I 

Ec.  Re. 

30 

6  39      " 

I 

Tr.  Eg. 

6  69      " 

I 

Sh.  Eg. 

Digitized  by 


Google 


Planet  Tables. 


87 


Confij^nration  of  Jupiter's  Satellites,  at  10  p.  m.  Csntral  Tim  3. 


Nov. 


Nov. 


Nov. 


I 

4  3  O  2  I 

II               10234             21 

43102 

3 

42310 

12               20134             22 

34012 

3 

•  4  0   I  3 

13          #2034                23 

32140 

4 

41023 

14           31024                24 

•  2  0  I  4 

5 

4203V 

15               30412             25 

10234 

6 

24031 

16    3  4  2  I  0                       26 

02134 

7 

31042 

17  42031                27 

18  41023                 a8 

21034 

8 

30214 

«  3  0  2  4 

9 

23104 

19         2X  4  0  I  3                29 

30124 

[O 

2  0  3  >  4 

20           4  2  0  3  •               30 

32104 

es  and  Aspects  of  the  Moon. 

Ceotrul  Time, 

d 

h    m 

New  Moon.. 

Nov.    8 

6  67  A.  M. 

Apogee 

'*    11 

9  24  p.  M. 

First  Quarter 

•*     16 

11  45  A.  M. 

Fall  Mooo 

"    23 

12  08  P.  M. 

"    24 

8  00  A.  M. 

Last  Quarter 

"    30 

3  08  A.  M. 

Sphemaris  of  the  Fifth  Satftllitft  of  Jupiter.-* We  take  the  following  ephemeris 
by  Mr.  Marth  from  the  Mootbfy  Notkea  for  June,  1893,  adapting  it  to  conven- 
ient nse  in  the  United  States.  The  period  of  the  fifth  satellite  is  assumed  to  be 
11^  67"*  21.88*,  the  nnceriainty  being,  according  to  Mr.  Marth,  probably  within 
a  second  of  time. 

AppROzmATE  Times  op  Greatest  Blongation. 


Greenwich  Time, 

Central  Time, 

Bast 

'. 

West. 

West. 

Bast. 

Oct.     6 

11 

44 

P.  M. 

6 

43 

A.M. 

11 

43 

P.M. 

6 

41  A.] 

9 

11 

22 

«( 

6 

21 

i« 

11 

21 

II 

6 

20    *• 

18 

11 

00 

It 

4 

69 

i< 

10 

69 

•I 

4 

68    '• 

17 

10 

38 

«« 

4 

37 

*• 

10 

37 

i< 

4 

36    " 

21 

10 

15 

(• 

4 

14 

« 

10 

14 

i< 

4 

13    " 

26 

9 

63 

«< 

3 

62 

(1 

9 

62 

II 

3 

61    " 

29 

9 

31 

1* 

3 

30 

«< 

9 

30 

<» 

3 

29    " 

Nof.    2 

9 

09 

i< 

3 

08 

«( 

9 

08 

II 

3 

07    " 

6 

8 

47 

•« 

2 

46 

•1 

8 

46 

II 

2 

46    " 

10 

8 

24 

•( 

2 

23 

II 

8 

23 

II 

2 

22    •• 

14 

8 

02 

« 

2 

01 

it 

8 

01 

i» 

2 

00    " 

18 

7 

40 

«( 

1 

39 

•• 

7 

39 

II 

1 

38     " 

22 

7 

18 

« 

1 

17 

11 

7 

17 

II 

1 

16    " 

26 

6 

66 

« 

12 

66 

II 

6 

66 

ti 

12 

63    " 

30 

6 

34 

f« 

12 

33 

»« 

6 

33 

II 

12 

31     ** 

It  will  be  seen  from  this  ephemeris  that  the  two  months  of  October  and  No- 
vember will  be  very  favorable  for  observations  of  the  satellite,  for  those  who 
have  sufficient  optical  means.  As  the  times  of  the  satellite's  elongations  occur  at 
so  nearly  the  same  time  each  night,  we  have  given  them  only  for  every  fourth 
night.  The  others  may  easily  be  found  by  interpolation,  the  change  being  five 
and  a  third  minutes  per  day.  Of  course  no  one  will  attempt  to  see  this  satellite 
unless  he  has  a  telescope  of  16  inches  or  greater  aperture. 
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Minima  oi  the  Variable  Stars  of  the  Al^^ol  Type. 

[Given  to  the  nearest  bonr  in  Centra]  Standard  Time.] 


U  CEPHEI. 

K.  A. (^  52»  32* 

Dccl +81<>  17' 

Period 2c/ll>»60» 


Nov.    3 

5  p.m. 

6 

5  a.m. 

8 

4  p.m. 

11 

4  a.m. 

16 

4    '• 

21 

4    " 

26 

3    " 

ALGOL. 

R.  A 

S^    1«    1- 

Decl 

+  40^   32^ 

Period 

2c/20>»49» 

Nov.    2 

9  p.m. 

5 

6  P.  M. 

8 

3    " 

17 

5  a.m. 

20 

2    •' 

22 

11  P.  M. 

25 

8    " 

28 

5    " 

X  TAURI. 

R.  A 3>»  54"»  36» 

Decl +  12**  IV 

Period 3c/22>»52» 

Nov. 


3 

lA.M. 

6 

midn. 

10 

11  P.  M. 

14 

10    " 

18 

9    •• 

22 

8    *' 

26 

6    " 

30 

5    " 

R.  CANIS  MAJORIS. 

R.  A 7>»14»30« 

Decl .—  16*'     11' 

Period Id   S^  16» 

Nov.    6         1  A.  M. 


7 
13 
15 
16 
22 
23 


4  " 
midn. 

3  A.M. 

6     •• 
2     " 

5  " 


S  CANCRI. 

R.  A 8»»  37"»  39* 

Decl +  19<>  26' 

Period 9d11^  38» 

Nov.  12         6  P.  M. 
22         6  A.  M. 

S  ANTLIiE. 

R.  A 9>»  27"*  30» 

Decl ^  28*»    09' 

Period 7>»47« 

Nov.    9         6  a.m. 


10 
11 
12 
21 
22 
23 
24 


5 
5 
4 
6 
5 
5 
4 


Asteroids  of  1893.— The  following  table  includes  all  asteroids  discovered 
since  the  beginning  of  1893.  The  first  column  gives  the  temporary  designation, 
each  being  designated  by  a  permanent  number  later,  if  sufficient  observations  are 
obtained  to  determine  the  orbit.  Those  who  have  discovered  asteroids  since  the 
beginning  of  1893  are  M.  Charlois,  of  Nice,  M.  Wolf,  of  Heidelberg,  A.  Borrelly, 
of  Marseilles. 

The  total  number  of  asteroids  discovered  np  to  January,  1893,  was  351.  The 
surprisingly  large  number  already  recorded  for  this  year  is  due  to  the  application 
of  photography  to  this  work,  all  of  these  having  been  discovered  by  this  means : 


Deslgnatioii. 

DltooTerer. 

Date. 

Mag. 

Deitgnatioii. 

Diseoverer. 

Date. 

Mag. 

1893  A 

Charlois 

Tan. 

17 

9. 

1893  V 

Charlois 

Mar.  21 

13. 

B 

Woli 

12 

13. 

W 

«• 

21 

12. 

C 

•  4 

16 

13. 

X 

Wolf 

21 

*12.5 

D 

Charlois 

18 

12.5 

Y 

•1 

Apr.  14 
May  19 

13. 

B 

« 

20 

12.5 

Z 

Charlois 

12. 

F 

Wolf 

16 

13. 

AA 

** 

20 

11. 

G 

Chariots 

21 

11.5 

AB 

<« 

20 

13. 

t 

i< 

Feb. 

11 

12.5 

AC 

tt 

July  14 

12. 

«< 

Mar 

.   8 

12.5 

AD 

•1 

16 

11. 

L 

«< 

9 

9. 

AE 

Borrelly 

5 

12. 

M 

(« 

10 

13. 

AF 

Chariois 

Aug.  11 

12. 

N 

«< 

11 

12. 

AG 

<( 

17 

11. 

0 

<( 

11 

12. 

AH 

t» 

19 

10. 

P 

•• 

11 

13. 

AJ 

It 

Sept.  15 

12. 

8 

Wolf 

16 

12. 

AK 

II 

18 

12. 

Charlois 

17 

11. 

AL 

K 

18 

11. 

s 

CI 

17 

12. 

AM 

t( 

18 

12. 

T 

l( 

19 

13. 

AN 

l( 

^0 

11.5 

U 

<• 

19 

13. 

1893  H  was  found  to  be  identical  with  1893  G. 
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Researches  npon  Comet  1889  V.— In  the  last  two  oninbers  (302  and 
^03)  of  the  AatronomicMl Journal  Mr.  C.  L.  Poor  givet  a  most  interesting  paper, 
entitled,  *'  Researches  npon  Comet  1889  V."  It  will  be  remembered  that  soon 
after  the  first  accurate  orbits  of  this  comet  we*«  computed,  Mr.  S.  C.  Chandler 
called  attention  to  its  very  close  approach  to  the  planet  Jupiter  and  consequent 
great  change  of  orbit  in  the  year  1886.  Mr.  Chandler  also  attempted  to  roughly 
trace  the  comet's  previous  comse  and  came  to  the  conclusion  that  this  might  pos- 
siUy  be  the  lost  Lezell's  comet  of  1770.  Mr.  Poor  has  investigated  these  ques- 
tions very  carefully,  going  through  an  immense  amount  of  calculation,  and 
obtains  results  which,  while  they  do  not  confirm  the  suspicion  of  identity  between 
the  two  comets,  are  of  very  great  importance.  In  his  latest  calculations,  Mr. 
Poor  used  the  definitive  elements  of  comet  1889  V,  obtained  by  Dr.  Bauschinger 
from  all  the  published  observations,  extending  over  a  period  of  over  eight 
months.  There  is  stiU  some  uncertainty  in  the  elements,  but  taking  the  most 
probable  values,  Mr.  Poor,  after  taking  into  account  the  perturbations  of  all  the 
planets  which  could  perceptibly  influence  the  comet's  motion,  finds  that  the 
comet  passed  very  near  to  the  planet  Jupiter  in  July,  1886.  so  near  in  £act  as  to 
pass  through  the  satellite  system.    He  says : 

"Using  the  elements  for  July  30, 1  find  for  the  perijovian  distance  of  the  comet 
the  following,  in  which  the  semi-diameter  of  Jupiter  is  taken  as  the  unit: 

q  =  2.31  H-  0.33k 
[v  being  the  factor  of  uncertainty  of  the  elements,  and  being  included  within  the 
extreme  limits  of  +  40  and  —  40], 

"  That  is,  the  comet  not  only  passed  through  the  system  of  Jupiter's  satel- 
lites, but  it  actually  passed  within  the  orbit  of  the  first  satellite,  whose  mean 
distance  is  6.93  radii  of  the  planet.  Taking  the  extreme  limits  of  v  we  are  safe  in 
saying  that  the  comet  passed  the  center  of  Jupiter  at  a  distance  of  not  greater 
than  3.63,  and  not  less  than  1.00  radii  of  the  planet.  In  other  words,  the  center 
of  the  comet  may  have  touched  the  surface  of  Jupiter,  and  it  certainly  ap- 
proached that  surface  to  within  a  distance  of  2.63  radii  of  the  planet  or  only 
11 2,300  miles.    Bven  this  latter  is  a  very  small  quantity. 

*'For  the  most  probable  hypothesis,  that  of  v  =  0,  the  comet  was  2.65  days 
within  the  system  of  Jupiter's  satellites,  and  during  this  time  it  made  nearly  a 
complete  circuit  about  the  planet,  passing  over  an  arc  of  312^  of  longitude.  The 
comet  entered  the  Jovian  system  in  longitude  118^  on  July  18.77,  passed  the 
planet  July  20.10  at  a  distance  of  only  2.28  radii,  and  July  21.43  left  the  system 
in  longitude  71^.  During  this  time  it  must  have  collided  with  one  or  more  of  the 
satellites." 


Meteors.— Two  beautiful  meteors  were  observed  here  on  evenings  of  August 
6th  and  11th  inst.,  respectively,  both  were  quite  large  and  somewhat  pear 
shaped.  That  of  the  6th  was  of  a  bright  green  color  and  travelled  swiftly  from 
near  C  Bootes  abont  16^  in  a  S.  W.  direction  exploding  before  disappearance  a 
few  degrees  above  the  horizon,  time  11.03  p.  M.,  central  time.  The  meteor  of 
11th  was  of  a  bluish  green  color  and  travelled  more  slowly  from  near  the  3rd 
magnitude  star  12  Canes  Venatici  to  a  point  about  10^  S.W.  of  Polaris  explod- 
ing into  numerous  reddish  sparks.  It  was  so  brilliant  that  the  whole  landscape 
was  lit  up  as  if  by  a  large  arc  lamp  and  was  noticed  by  people  even  in  doors. 
Time  10.06  P.  M.,  central  time.  david  b.  haddbn. 

Alta  Iowa,  August  17, 1893. 
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GBNERALr  NOTES- 


We  have  recovered  some  of  our  lost  time  in  publishing  the  September  number 
so  late  last  month.    Our  next  will  be  issued  about  the  5th  of  November. 


Professor  J.  B.  Keeler  virill  give  the  second  article  in  his  series  on  the 
Spectroscope  in  our  next  number. 


S.  W.  Bnmhaiii  and  J.  A.  Brashear  will  contribute  articles  respectively 
on  **Double  Star  Study*'  and  on  the  ''Making  and  Care  of  Telescopes'*  quite  soon. 


Dr.  Lf.  Swift's  illustrated  paper  on  **  The  Great  Nebula  of  Andrometla/*  in 
the  series  titled  '*  Suggestions  to  Amateurs  '*  is  already  in  hand.  It  is  an  instruc- 
tive one. 


H.  C.  Wilson's  article  will  interest  our  readers  generally.  The  frontispiece 
illustration  is  a  unique  one.  It  is  a  striking  illustration  of  the  apparent  motion 
of  the  sky.    Teachers  may  use  it  advantageously. 


B*  B.  Barnard's  illustrations  of  Jupiter's  satellites  will  give  definite  idea 
of  the  new,  fifth  satellite,  which  he  recently  discovered.  The  finding  of  that 
tiny  object  is  said  to  be  the  most  important  Astronomical  discovery  of  the  pres- 
ent century. 


Miss  Mary  Proctor,  the  daughter  of  the  late  Professor  Richard  A.  Proc- 
tor, is  making  arrangements  to  give  a  series  of  lectures  on  astronomy  for 
children  all  over  the  country  during  the  coming  season.  The  course  consists  of 
three  lectures  for  children,  entitled :  "  The  Goblins  in  Starland,"  "  The  Stories  of 
the  Stars,*'  and  *'  Giant  Sun,  and  His  Family."  She  will  also  deliver  a  lecture  said 
to  be  spedally  suitable  for  Normal  Schools,  on  "How  to  Teach  Astronomy  to 
Children."  She  delivered  these  lectures  at  Chicago,  during  the  World's  Fair,  and 
met  with  success. 


Astronomy  in  Hig^h  Schools.— A  business  man  in  a  mechanic  associa- 
tion in  Boston,  not  long  ago  wrote  as  follows : 

It  seems  to  me  that  a  concerted  effort  should  be  made  by  all  educators  who 
appreciate  the  importance  of  the  study  of  Astronomy,  to  create  a  public  opinion 
which  should  lead  to  a  more  general  nud  thorough  study  of  the  subject  in  our 
High  Schools,  all  over  the  land.  Every  town  of  any  considerable  size,  should 
have  one  school  armed  with  a  small  instrument,  properly  handled,  and  the  rudi- 
ments of  Solar  Astronomy  should  be  taught  to  every  graduate.  It  is  a  burning 
shame  that  not  one  man  or  woman  in  one  hundred  can  tell  the  difference  between 
a  planet  and  a  fixed  star,  neither  do  they  know  anything  of  the  path  ol  the 
planets  in  the  heavens,  and  look  upon  the  celestial  bodies  with  less  interest  than 
they  do  upon  a  base  ball  game,  or  a  new  bonnet ! 

It  onght  not  to  be  so,  and  it  might  be  changed  if  our  educators  would  unite 
in  doing  missionary  work.  But  I  suppose  that  they  will  not,  and  years  must 
elapse  before  our  boys  and  girls  are  told  the  difference  between  Venus  and  Sirius. 
And  we  boast  of  our  advanced  civilization !  Three  hundred  years  ago  it  was  ex- 
cusable, now  it  is  not.  a.  b. 
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Remarkable  8iui  Spot.— On  Sept.  1 5th,  I  observed  near  the  eastern  limb 
of  the  Sun,  a  large  spot  which  promised  to  be  interesting.  On  tlie  afternoon  of 
the  17th,  the  air  being  remarlcably  clear  ano  steady,  I  observed  it  again.  It  had 
increaaed  in  sixe  rery  much  since  the  15th  inst.  and  in  some  particulars,  is  one  of 
the  most  beautiful  and  interesting  spots  I  have  ever  seen.  Within  an  extensive 
penumbra  were  nine  umbrse  intensely  black  while  between  two  of  the  largest  was 
an  extensive  mass  of  material  of  a  dark  red  hue,  and  over  a  part  of  another  um- 
bra the  same  reddish  matter  seemed  to  be  spreading.  Between  some  of  the  other 
umbrse  the  matter  was  intensely  white  and  brilliant.  I  thought  I  detected  mo- 
tion within  the  spot  and  watched  it  closely  for  some  time  to  assure  myself  of  this 
feet,  but  am  not  satisfied  that  there  was. so  as  to  allege  it.  I  will  continue  to  ob- 
serve it.  The  instrument  used  was  my  5-in.  Clark  refractor  with  powers  of  105 
and  200. 

It  reminds  me  very  much  of  a  spot  sketched  by  Secchi  in  his  Le  So/ei'/,  in 
which  he  shows  the  red  matter  or  "tail,"  as  he  terms  it.  e.  8.  martin. 


Weig^hlng^  the  Planeta.— If  we  assume  the  mass  of  the  Earth  to  be  one 
(1),  then  the  individual  and  total  masses  of  members  of  the  solar  system  are  as 
follows: 

Sun         =832,262  Earth  =  1.0 

Jupiter    =         317  Venus  =  0  8 

Saturn    =  95  Mars  =  0.11 

Neptune  =  17.4  Mercurv  =  0.06 

Uranus    =  14.6  Satellites  =  0  20 

Minor  Planets  =  0  25 


Total    332,708.42 
For  explanation  how  these  results  are  obtained  the  reader  is  referred  to 
Gore's  new  book  entitled  The  Visible  Uairene,  p.  325. 


"Range  €ti  Teleeoopio  Poiw'er^— In  Young's  General  Astronomy,  page  470 
is  found  a  suggestive  table  showing  the  relation  of  the  sixe  of  telescope  to  the 
magnitude  of  the  smallest  star  visible  by  its  aid.    The  table  follows : 


Apertare  of  Tetotoope 

Apertnra  of  TelMcope 

8t«r  Magnltode. 

in  InchM. 

StarMagDlta  e. 

In  IncbM 

7 

0.40 

13 

6.31 

8 

0.63 

14 

10  00 

9 

1.00 

15 

16.90 

10 

159 

16 

25.10 

11 

2.51 

17 

39.80 

12 

3  98 

18 

63  10 

This  table  assumes  that  a  normal  eye  and  a  good  telescope,  one-inch  in 
aperture  will  be  able  to  see,  as  the  smallest  possible,  a  ninth  magnitude  (tar.  On 
account  of  the  thickness  of  the  largest  lenses,  the  table  may  fail  to  give  the  true 
relation  between  aperture  and  magnitude.  Notk:e  how  little  the  gain  is  in  the 
increase  of  large  apertures  so  far  as  magnitude  is  concerned,  but  the  number  of 
stars  in  each  of  these  low  magnitudes  is  enormously  great.  From  the  above 
table  it  also  appears  that  a  20th  magnitude  star  is  far  beyond  any  existing 
telescope. 


Variable  Stars.— We  have  been  in  correspondence  with  several  variable 
star  observers  in  order  to  organize  a  section  in  this  line  of  observing.  Among 
other  letters    we    have  one    with    a    brief    working    list   from    Mr.    J.    A. 
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Parkhurst  of  Mareii>?o,  111.  We  do  not  present  the  list  this  time,  because  we  wish 
to  accompany  it  with  directions  so  plain  and  complete  that  a  be/^nner  may  take 
np  the  working  list  and  nse  it  regularly.  Mr.  Parkhnrst's  letter  is  so  satisfactory 
that  we  have  asked  him  to  prepare  the  directions  and  suggestions  that  accom- 
pany his  working  lists.  All  amateurs  interested  in  the  observation  of  variable 
stars  are  requested  to  report  to  us  their  names.  A  description  of  their  telescopes 
is  desired  and  a  statement  of  work  already  done,  if  any. 


Miss  Mary  E.  Byrd,  Director  of  the  Observatory  at  Smith  College,  North- 
ampton, Mass.,  has  prepared  and  printed  a  small  pamphlet  of  39  pages  with 
title,  Questions  oa  the  Sky,  It  is  divided  into  seven  sections  with  these  themes 
respectively:  Sun  and  Moon;  Eclipse  of  the  Moon;  Planets  for  any  Year; 
Planets  for  the  School  Year  1893-94;  Comets  and  Shooting  Stars;  Stars  and 
Milky  Way,  and  Questions  for  a  Telescope  with  an  inchrand-a-half  lens. 

As  introductory  the  following  six  rules  for  observing  are  given : 

1.  Begin  each  night's  record  on  a  separate  page. 

2.  Date  each  page  of  observations. 

3.  Record  each  night  the  place  oi  observing  and  the  time  of  beginning  and  end- 

ing. 

4.  Enter  the  record  in  connection  with  the  observation,  or  immediately  after- 

ward. 
6.    Keep  all  records  of  observation  in  pencil. 
6.    Make  all  corrections  of  the  original  record  and  enter  copied  observations  in 

ink. 

In  the  view  of  an  experienced  observer  these  will  seem  very  common-place  di- 
rections, and  so  they  are,  but  no  apology  is  here  offered  for  them  because  they 
are  elemental  in  the  matter  of  keeping  records.  We  want  to  bring  just  such 
plain  and  common  sense  things  to  the  attention  of  teachers  and  young  people  in 
the  hope  that  they  may  gain  the  benefit  of  using  them.  Under  each  section  is 
given  a  series  of  questions  which  form  an  outline  of  the  theme  under  consider- 
ation, a  kind  of  topical  run  to  guide  the  student  in  individual  study  under  the 
supervision  of  an  instructor.  As  an  illustration  we  append  a  few  queries  from  • 
the  section  on  the  eclipse  of  the  Moon. 

1.  Before  an  eclipse  begins  can  you  see  any  decrease  in  the  brightness  of  the 
Moon's  limb? 

2.  At  what  part  of  the  limb  is  the  shadow  first  seen  ? 

3.  At  what  instant  are  you  sure  that  the  eclipse  has  begun  ? 

4.  What  is  the  color  of  the  shadow  when  the  moon  first  enters  it  ? 

5.  Does  the  color  remain  the  same  throughout  the  eclipse  ? 

6.  An  hour  after  the  eclipse  has  begun  what  portion  of  the  disc  is  obscured? 

7.  At  that  time  what  is  the  shape  of  the  visible  Moon  ? 

8.  How  much  does  the  light  of  the  Moon  seen  to  diminish  ? 

9.  What  is  the  form  of  the  line  bounding  the  visible  portion  of  the  Moon  ? 
10.    Is  the  bounding  line  sharp  and  distinct  to  the  naked  eye  ?    Why  ? 

Under  the  several  topics  named  above  the  number  of  questions  set  range  be- 
tween twenty  and  one  hundred,  and  the  consecuti<ire  list  above  gives  a  fair 
idea  of  the  kind  of  questions  chosen.  Some  such  plan  as  this  is  very  desirable  to 
draw  the  attention  of  the  student  away  from  a  book  to  the  celestial  objects 
themselves  whenever  this  is  practicable. 
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Observatory  for  Amatetirs.— I  haye  read  with  interest  the  commniiica- 
tions  of  Messrs.  A.  B.  Doii;(lass  (  Astsoroictand  ASTBO-PHTSicsfor  Mafbh,  p.  207) , 
and  Charks  A.  Post  (Astronomy  and  Astro-Physics  for  Maj,  p.  400),  entitled, 
''The  Balance  Roof  for  Telescope  Buildings*'  which  has  induced  me  to  ofier  the 
IbUowing  description  of  a  modest  Obsenratory  I  derised  and  had  erected  in  1891 
to  coTcr  my  6-in.  Clark  refractor.  It  cost  aboat  $80  and  has  proved  secure  and 
Yery  conyenient. 

The  Obsertatory  is  built  of  wood,  closely  w^athei-  boarded,  with  a  station- 
ary roof  oVer  one  part  and  a  sliding  roof  over  the  other  part,  both  covered  with 
tin.  Its  dimenrions  are  9  ft.  X 12  ft.  (the  part  covered  by  the  sliding  roof  beitig  9 
ft  X  9  ft.)  and  6^  ft.  between  the  floor  and  cap  sills  on  which  the  sliding  roof 
rests,  the  ridge  of  the  roof  being  2  ft.  above  sills.  The  cap  sills  on  the  eastern 
and  western  sides  of  the  building  project  beyond  it  4  ft.  on  the  northern  and 
southern  sides  like  arms  extended.  To  the  top  of  each  sill  is  secured,  by  screws, 
a  semi-circular  iron  rail  ^  in.  thick  in  which  the  iron  wlftels.  (grooved  to  fit 
the  rail)  traveL  Two  wheels  are  secured  tp  each  side  or  eable  end  of  the 
movable  roof  on  the  inside.  The  wheels  (3  in.  diameter)  and  the  rails  are  such 
as  are  used  for  suspending  the  heavy  sliding  doors  of  warehouses  and  like  struc- 
tures. 

The  gable  ends  of  the  roof,  made  of  solid  inch-and-a-hatf  boards,  are  triangu- 
lar in  shape,  2  ft.  in  altitude  and  9^  ft.  base.  The  upper  half  of  tbeslant  of  theroof 
on  each  side  of  the  ridge  is  stationaxy,  being  sheathing  boards  securely  fiostened 
to  the  gable  ends  and  covered  with  tin.  Underneath  this  part  the  shutter  cover- 
ing the  lower  half  of  the  slant  of  the  roof  (a  Hght  frame  covered  with  tin)  slides 
up,  in  grooves  along  the  inner  side  of  the  gable  ends.  And  in  order  to  have  it 
move  easily,  small  iron  rollers  or  ** runners"  are  placed  on  the  under  side  of  the 
sfidtng  shutter  of  the  roof  and  also  on  the  ends  as  friction  rollers. 

The  shutter  being  pushed  up  under  the  upper  part  of  the  roof,  as  aforesaid, 
the  roof  is  then  rolled  by  hand  pressure  to  one  side  until  the  ridge  is  vertically 
over,  or  beyond  the  side  of  the  Observatory  v?hen  an  open  space  is  secured  ample 
enough  for  all  movements  of  the  tdescope  placed  in  the  centre  of  the  building 
and  its  declination  axis  on  a  level  with  the  cap  sills. 

To  move  the  roof  more  easily  sash  weights  (7  lbs.  each)  are  attached  to  each 
comer  of  it  by  ends  moving  over  pulleys  near  the  ends  of  cap  sills.  The  roof  can 
be  moved  towards  the  north  or  south,  and  though  rigid  and  heavy  enough  not 
to  be  a£Eected  by  strong  winds,  is  ytt  tight  enough  to  be  moved  with  Httle  effort. 

The  space  between  the  base  of  the  roof  and  the  cap  sills  on  which  it  moves  is 
covered  by  a  weather  strip  of  wood,  extending  below  the  top  of  the  cap  sills, 
which  also  serves  as  a  guide  to  keep  the  roof  in  position  when  in  motion. 

The  view  around  the  horizon  is  unobstructed  by  the  roof,  except  at  a  vety 
low  altitude  above  the  north  or  south  point,  towards  which  it  may  be  mo>cd. 
In  practice  I  always  roll  it  towards  the  north  which  permits  an  unobstructed 
Yiew  of  the  heavens,  except  a  small  portion  about  the  northern  horizon. 

When  the  roof  is  to  be  moved,  the  telescope  is  placed  in  a  horizontal  position, 
the  declination  axis  being  also  horizontal,  which  permits  the  roof  to  pass  at  a 
safe  distance  above  it. 

In  the  above  sketch  details  have  been  ignored  and  only  the  main  features  pre- 
sented with  the  hope  that  it  may  be  understood  and  at  least  suggestive. 

Wilmington,  N.  C.  b.  s.  martin. 


Digitized  by 


Google 


94  General  Notes. 


Ocdtltation  of  Antares  by  the  Moon.— The  occnltation  of  Antares  by 
the  Moon  was  observed  here  on  the  night  of  July  23  and  was  a  most  beautiful 
sight. 

The  atmosphere  was  clear  and  steady  and  definition  remarkably  good.  The 
brilliant  crimson  star  touched  the  Moon  at  the  top  of  the  eastern  side,  or  range 
of  a  large  crater  (near  the  southern  point  of  the  Moon)  which  appeared  as  an 
isolated  line  of  light,  separated  from  the  illuminated  body  of  the  Moon  by  a  dark 
space,  (the  bottom  of  the  crater)  and  by  dark  gaps  at  both  ends.  Along  this  un- 
even line  of  light  Antares  glided,  its  glowing  crimson  contrasting  most  beauti  - 
fully  with  the  brilliant  white  light  of  the  mountain  side,  upon  which  it  apparently 
rested  until  the  star  reached  a  point  near  its  southern  end,  when  it  instantly  dis- 
appeared as  if  it  had  plunged  into  the  dark  gap.  At  emersion  it  as  instantly  re- 
appeared. The  dark  limb  of  the  Moon  was  not  seen.  The  instrument  used  was 
a  5-inch  (Clark)  refractor  with  power  105.  b.  s.  martin. 


Richard  A^  Proctor's  memory  in  America  fell  quickly  into  sad  neglect,  if 
the  dilapidated  condition  of  his  tomb  in  Greenwood  Cemetery,  Brooklyn,  N.  Y., 
for  the  last  few  years  is  a  proper  evidence  of  public  forgetfulness  of  one  deservedly 
so  well  known  previottely  in  the  home  of  his  adopted  country.  It  is  a  blessing  to 
ours,  or  any  country,  to  have  such  men  in  it  as  Geoige  W.  Childs  of  Philadelphia, 
whose  generous  impulses  are  always  alert  to  repair  humiliating  neglect  or  pub- 
lic injustice  Kke  this  which  sometimes  overtakes  the  good  and  the  honored  of  this 
world.  It  is  doubtless  known  to  most  of  our  readers  that  Mr.  Proctor  died  of 
yellow  fever  in  a  New  York  hospital,  a  day  or  two  after  his  arrival  from  Florida, 
his  home.  None  of  his  family  were  present,  and  because  of  the  fever  immediate 
burial  was  uncessaty,  and  the  place  chosen  was  the  vacant  lot  in  Greenwood 
cemetery  owned  by  the  undertaker.  Through  Mr.  Child's  thoughtful  generosity 
the  mortal  remains  of  this  emin^t  man  were  given  an  honorable  burial  and  a 
simple  though  beautiful  monument  in  their  new  resting  place.  We  pay  his  mem- 
ory a  just  tribute  in  the  well  chosen  words  of  another; 

*'  While  the  astronomer  was  an  Englishman,  the  most  active  and  us^ul  years 
of  his  career  were  passed  in  America.  Original  and  thorough  as  were  his  re- 
searches in  many  fields  of  science,  it  was  as  a  lecturer  and  a  writer  th^t  he  chiefly 
distinguished  himself.  It  was  in  America  that  his  talent  of  scientific  exposition 
was  most  highly  appreciated  and  developed.  It  was  here  that  his  best  work  was 
done  as  a  popular  lecturer,  with  a  lucid  and  animated  style  and  a  remarkable 
power  of  interesting  audiences  in  his  scientific  studies.  So  marked  were  his  use- 
fulness and  success  here  as  a  public  educator  that  America  had  become  his 
adopted  home.  His  grave  is  where  it  ought  to  be,  in  one  of  the  loveliest  comers 
of  Greenwood,  with  many  famous  men  whom  he  knew  in  life  at  rest  around  him. 
Henceforth  it  will  not  be  an  unmarked,  neglected  grave." 


Popttlar  Aatronomy  in  Africa*— We  are  just  in  receipt  of  a  postal  card 
with  the  reply  card  attached  asking  what  will  be  the  expense  of  postage  on  this 
publication  to  Cape  Town,  Cape  Colony,  Africa,  from  which  the  card  was  mailed, 
as  that  district  is  not  in  the  postal  union.  It  is  also  asked  if  it  is  our  intention  to 
give  the  current  celestial  phenomena  for  the  southern  hemisphere  as  well  as  those 
of  the  northern.  Truly  the  astronomical  world  is  becoming  one  in  its  intercourse 
in  many  ways. 
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i^crles  Pertainiiis  to  Astronomical  Themes.— We  have  known  for 
some  time  that  amatenrs  have  desired  a  general  comer,  through  which  to  secnre 
information  that  might  be  giyen  by  questions  and  answers.  We  will  tty  here- 
after to  give  attention  to  requests  of  tins  kind  and  furnish  answers  to  them  as 
fully  and  promptly  as  possible.  Correspondents  and  readers  are  respectfully 
asked  fredy  to  share  in  this  to  make  the  plan  generally  usdul. 

1.  What  months  of  AsTROKomr  and  Astso-Phtsics  have  most  in  them 
about  the  Total  Solar  Bdipse  of  April  16, 1898  ?  w.  w.  b. 

Answer:  Pebruaiy,  April  and  October.  The  first  gives  an  iccount  of  the  pre- 
dictiona  of  the  corona  made  by  Professor  P.  Bigdow,  Washington,  D.  C,  accord- 
ing to  his  magnetic  theory,  so-called,  with  a  fine  frontispiece  illustration.  The 
second  gives  some  account  of  the  path  of  the  line  of  totality  across  South 
America  and  Africa  indicating  the  most  available  stations  on  the  two  continents 
and  some  notice  where  di£ferent  observing  parties  were  intending  to  be  located. 
In  this  number  three  large  cuts  are  given  to  show  definitely  what  is  described  in 
the  text.  In  the  last  issue  of  Astbonomt  and  Asnto-PHVSict  vrill  be  found  two 
articles  by  Professor  Schaeberk  of  lick  Observatory.  In  one  he  states  the  pre- 
liminaiy  results  of  his  work  at  the  Lick  Observatory  station  in  Chile  which  he 
thinks  harfy  accord  with  his  theory  of  the  corona  known  generally  by  the  name 
of  the  "Mechanical  Theory,"  an  illustration  of  which  will  be  found  in  the  Janu- 
ary issue,  1893.  In  the  other  will  be  found  his  reply  to  the  criticisms  of  astrono- 
mers in  Bngland  and  America  who  daim  that  the  photographs  obtained  at  the 
different  stations  along  the  line  of  totality  do  not  show  a  fulfillment  of  the  predic- 
tions of  his  theory,  In  the  October  number  will  be  found  a  beautiful  photograv- 
ure plate  of  the  Solar  BcHpse  as  observed  in  South  America  by  Professor 
Schaebede.  Short  exposure  only  was  given  to  bring  out  the  detail  of  the  inner 
corona.  In  the  November  number  of  Astkonomt  and  Astso-Phvsics,  1893,  wiU 
appear  a  companion  plate  shoveing  the  corona  as  it  could  be  photographed  by 
longer  exposure  to  bring  out  the  exterior  corona  more  fully.  In  another  place  in 
this  number  of  Popular  Aatroaomjr  is  given  an  illustration  of  the  40-fbot  teles- 
cope used  in  obtaining  these  pictures  and  also  a  general  view  of  the  station  in 
South  America  occupied  by  Professor  Schaeberle  to  observe  this  eclipse. 

2.  Are  the  rising  and  the  setting  of  the  heavenly  bodies  the  same  in  Bastem 
time  as  in  Central  ?  M.  b.  t.  h. 

3.  In  the  case  of  phenomena  that  do  not  depend  on  the  rotation  of  the 
Barth,  as  the  minima  of  Algol,  is  the  longitude  of  the  place  necessarily  considered  ? 

M.  B.  T.  H. 

4.  Given  a  4-inch  telescoi)e,  so  good  that  it  will  easily  resolve  a  Scorpii,  or  a 
Lyra  vnth  a  power  of  96,  and  vrill  separate  sr  Aquilse  (1".7),  or  «  Arietis  (1''.3) 
with  a  power  of  180  on  any  good  night.  If  the  above  aperture  be  cut  down  to 
2  inches  by  an  annular  diaphragm  it  will  resolve  Rigd  with  a  power  of  95.  If  a 
stop  be  applied  cutting  out  the  central  2  inches,  the  glass  vrill  resolve  Rigel  with 
difficulty.  A  central  stop  cutting  out  2%  inches,  but  exposing  a  mai^gin  of  more 
than  twice  the  area  of  the  first  central  2  inches  will  fail  to  resolve  RigeL  Do  all 
good  objectives  sufier  in  a  like  degree  from  (uncorrected  spherical  aberration  ? 
The  above  experiment  seems  to  indicate  that  the  central  2  inches  of  a  4-inch  glass 
will  resolve  more  than  a  whole  3-inch  objective,  especially  on  a  bright  object. 

s,  0.8. 

5.  What  are  the  practical  difficulties  in  the  way  of  better  eye-pieces?  Do 
not  our  expert  opticians  prefer  to  temper  the  objective  to  the  eye-piece  rather 
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tlian  to  attack  the  latter  and  attempt  to  improve  it  ?    The  negative  eye-piece  is 
fair,  but  is  it  not  much  behind  objectives  in  perfection  ?     *  -    •  s.  o.  s. 

6.  There  is  a  faint  star  in  Cassiopeia  not  far  from  x,  the  Ideation  of  Tycho's 
Nova,  as  given  by  Dr.  Klein  which  I  have  been  watching  fpr  a  wee^,  and  c|in  find 
nothing  to  correspond  with  it  in  Klein's  map  and  D^ Arrest's  chart.  Is  it  not 
worth  the  while  of  observers  to  examine  it  ?  Its  position  roughly  is  30'  right  as- 
cension and  63°  20'  declination.  d.  f. 


BOOK  NOTICE. 


Elementary  Mathematical  Astronomy,  with  Examples  and  Examination  Papers. 
By  C.  W.  C.  Barlow,  M.  A.  B.  Sc.,  and  G.  H.  Bryan,  M.  A.,  London.  Clive  & 
Co.,  University  Correspondence  Press,  Warehouse'  13  Booksellers  Row 
Strand,  W.  C,  1893,  pp.  493. 

On  the  amateur  side  of  our  study  there  are  doubtless  many  of  our  readers 
who  desire  to  know  of  just  such  a  new  book  as  this  which  is  just  received  from 
the  publishers.  This  book,  although  first  published  in  1892,  has  already  passed 
through  its  second  edition.  Its  introductory  chapter  is  on  spherical  geometry. 
Then  follows  the  celestial  sphere  with  the  definitions  and  an  explanation  of  the 
motions  of  bodies  on  it.  Thirty  pages  are  given  to  this  theme,  followed  by 
twelve  examples  and  an  examination  paper  with  ten  questions. 

The  next  chapter  is  devoted  to  the  Observatory  in  which  the  principles  of  the 
common  observatory  instruments  are  explained  and  fully  illustrated,  and  the 
work  they  are  intended  to  do  shown.  Examples  on  this  theme  follow  and  an  ex- 
amination paper.  In  the  first  part  of  the  book  there  are  eleven  such  chapters. 
The  titlM  besides  those  named  are  The  Sun's  Apparent  Motion  in  the  Ecliptic; 
Time;  Atmospheric  Refraction  and  Twilight;  Determination  of  position  on  the 
Earth;  The  Moon;  Eclipses;  The  Planets;  The  Distances  of  the  Sun  and  Stars. 

Under  the  division  of  Dynamical  Astronomy  three  chapters  more  are  given. 
The  rotation  of  the  Earth;  The  Law  of  Universal  Gravitation  and  Future  Ap- 
plications of  that  Law;  then  follow  a  series  of  useful  notes,  an  appendix,  ans- 
wers to  examination  questions  and  a  full  index. 

The  book  is  on  the  plan  of  the  University  extension  study  and  is  certainly  a 
useful  one  to  give  accurate  and  independent  ideas  in  the  study  of  Astronomy  by 
the  aid  of  elementary  mathematics.  It  is  intended  for  amateurs,  and  its  form  is 
useful  for  fieiithful  self-instruction,  which  is  part  of  the  plan  of  a  correspondence 
college.  It  also  furnishes  a  series  of  good  tests  for  the  student  as  he  advances, 
by  the  examples  and  the  examination  papers  given  in  connection  with  each  topic. 


Publisher's  Notices.—  The  subscription  price  for  Popular  Astronoicy  is 
$2.60  per  year,  foreign  countries  14  shilling,  payable  in  advance,  the  annual  vol- 
ume consisting  often  numbers,  issued  monthly,  except  for  Julv  and  August,  each 
containing  at  least  48  pages  of  reading  matter.  Articles  for  publication  may 
be  sent  to  Wm.  W.  Pa3me,  GoodseU  Observatory,  Carleton  CoUege,  Northfield, 
Minn.,  or  to  Miss  C.  R.  WiUard,  same  address.  All  remittances  for  subscription 
or  advertising  should  be  sent  to  Miss  Willard  who  is  in  chatge  of  the  accounts  of 
the  office. 

PiSfease  take  notice  that  all  payments  of  does  should  be  made  in  post  o&ce  or- 
ders'-or  notes,  or  bank  drafts  on  Chicago,  New  York,  St.  Paul  or  Minneapolis, 
Personal  checks  are  banked  at  a  discount, 

Messers.  Wm.  Wesley  &  Son,  28  Essex  Street,  Strand,  London,  England, 
vre  sole  foreign  agents. 
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PLATE  VI 


Distances  of  Stars  whose  Parallaxes  have  been  determined 
during  the  Present  Century 
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SHOOTING  STARS. 


How  to  Observe  Tbem  and  What  Tbey  Teach  Us. 


W.  p.  DBNNINO.  Bristol,  Bmolamd. 


Chapter  III.— Radiation  and  Radiant  Points. 

The  observer,  having  decided  to  commence  observation  and 
attended  to  the  necessary  preliminaries,  will  choose  a  dark, 
moonless  night  and,  keeping  a  sharp  watch  on  the  sky,  will  pro- 
ceed to  raster  the  paths  of  such  meteors  as  make  their  appear- 
ance. After  perhaps  two  or  three  hours  of  work  he  will  imagine 
that  the  meteor  paths  are  so  irregularly  distributed  over  the 
celestial  vault  that  they  are  not  to  be  reduced  to  any  orderly 
arrangement.  But  carefully  drawing  their  lines  of  flight  back- 
ward he  will  find  that  most  of  them  intersect  at  well  defined 
points^  These  are  called  the  "radiant-points"  and  they  form  a 
most  important  feature  in  the  observation  of  meteor  showers.  A 
diagrain  will  perhaps  explain  the  matter  more  forcibly  than  mere 
description  and  so  we  subjoin  a  sketch  in  which  a  number  of 
meteors  are  depicted  with  their  lines  of  flight  produced.  Though 
the  directions  appear  at  first  sight  to  be  very  discursive  they  re- 
solve themselves  into  three  well  defined  radiant-points. 

It  is  the  principle  object  of  meteor  observations  to  determine 
the  positions  of  radiant  points  as  exactly  as  possible  and  it  is  on 
this  account  that  we  have  previously  impressed  upon  the  student 
the  necessity  of  recording  the  directions  of  flight  as  accurately  as 
possible. 

The  beginner  may  naturally' feel  inquisitive  as  to  the  nature  of 
these  radiant  points.  Do  they  each  represent  a  planetary  mass 
fix>m  which  are  discharged  the  individual  shots  seen  every  now 
and  then  ?  Other  explanations  may  also  occur  to  his  mind,  so  we 
may  as  well  state  here  that  a  radiant  does  not  represent  a  ma- 
terial object  but  is  produced  by  the  efiects  of  perspective  on  lum- 
inous bodies  moving  in  parallel  lines.  It  seems  that  meteoric 
particles  (generally  consisting  of  stony  matter)  exist  in  extensive 
shoals  or  swarms  within  (and  probably  without)  the  solar  sys* 
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Shooting  Stars. 


tern,  and  that  they  revolve  in  cometary  orbits  round  the  Sun.  A 
number  of  these  meteoric  swarms  cross  the  Earth's  orbit  and 
plunge  into  our  atmosphere  with  planetary  velocity, but  the  heat 
generated  by  friction  immediately  renders  them  incandescent  and 
they  are  consumed  in   nearly  every  case   before   reaching  the 


Pig.  I—Mbtbqr  Paths  Indicating  Multiple  Radiants. 

ground.  We  are  perpetually  suflFering  bombardment  by  thou- 
sands of  these  stony  visitors  and  it  is  fortunate  that  they  are 
robbed  of  their  harmful  character  and  that  their  material  is  ex- 
hausted by  combustion  while  still  at  a  considerable  height  above 
the  Earth's  surface. 
The  foregoing  diagram  will  show  how  it  is  that  visible  meteors 
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as  projected  on  the  star  sphere,  take  the  form  of  radiations  from 
a  central  focus : 

Let  US  suppose  the  observer  to  be  stationed  at  D,  and  that  the 
sky-dome  is  represented  at  ABC.  Six  meteors  moving  in  paral- 
lel paths  and  numbered  1,  2,  3,  4,  5  and  6,  are  shown  and  the 
furred  portion  of  their  tracks  is  intended  to  represent  that  ob- 
served. At  certain  points  as  at  V  and  5^  they  first  become  visible 
and  disappear  at  V^  and  5'^.  It  is  clear  that  the  meteors  will  be 
apparently  projected  upon  the  sky  as  delineated  at  a,  b,  c,  d,  and 
that  the  meteor  No.  3  will  be  motionless  at  the  point  a,  which 
corresponds  with  the  radiant,  while  No.  5  will  have  a  pretty  long 
path  at  c.  In  fact  the  paths  will  present  a  series  of  radiations 
and  will  appear  to  vary  in  length  and  speed  according  to  posi- 
tion relatively  to  the  radiant. 


Fig.  2. 

It*  may  here  be  observed  that  radiant  points  partake  in  the 
diurnal  motion  of  the  firmament  and  are  stationary  amongst 
the  stars-^a  fact  which  sufficiently  proves  their  astronomical 
character.  If  they  were  due  to  the  operations  of  a  body  within 
our  atmosphere  they  would  obviously  be  carried  round  with  the 
Earth's  rotation  and  make  a  complete  circuit  of  the  heavens  once 
every  twenty-four  hours. 

A  grent  number  of  different  radiant  points  are  visible  on  every 
night  of  the  year  and  their  detection  is  sometimes  a  matter  of 
difficulty.  On  about  August  10  when  the  Perseids  are  most 
abundant,  there  are  quite  100  distinct  showers  in  active  play. 
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Some  of  these  are  placed  within  a  few  degrees  from  each  other, 
and  they  are  only  to  be  separated  by  a  discriminating  and  accu- 
rate observer.  Of  course  it  is  easy  enough  to  get  the  radiant  of 
a  prominent  display  like  the  Perseids  as  the  meteors  are  often 
very  numerous  and  exhibit  a  good  focus  with  only  a  few  erratic 
flights.  The  subjoined  diagram  will  give  a  good  idea  of  the  ra- 
diation from  a  strong  showermonopolizingnearly  all  the  meteors 
recorded. 


Fig.  3— Paths  Prom  a  Rich  Meteor  Radiant  Including  Three  Prom  Other 

Showers. 

A  great  difficulty  always  requiring  the  exercise  of  much  dis- 
cretion and  care  on  the  part  of  the  observer  lies  in  apportioning 
meteors  to  their  correct  radiants.    This  cannot  be  invariably 
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done  as  a  meteor  may  be  directed  from  several  showers  in  the 
backward  prolongation  of  its  flight.  Prom  a  single  observa- 
tion we  only  possess  circumstantial  or  presumptive  evidence  that 
a  meteor  belongs  to  the  radiant  to  which  we  have  assigned  it. 
We  require  therefore  another  **  divining  rod  "  beside  that  afforded 
by  the  path-direction.  This  is  often  to  be  found  in  the  physical 
appearance  of  a  meteor  and  observers  should  always,  therefore, 
record  the  details  of  aspect  presented  by  each  object. 

The  Earth's  motion  in  her  orbit  is  approximately  directed 
towards  a  point  90^  preceding  the  Sun  along  the  ecliptic,  and 
this  point  is  known  as  "the  apex  of  the  Earth's  way."  Meteors 
from  showers  in  this  r^on  and  within  some  45^  of  it  commonly 
move  with  great  velocity  and  generate  phosphorescent  streaks  in 
their  paths  These  streaks  often  brighten  up  after  the  disappear- 
ance of  the  nuclei,  in  fact  the  writer  has  sometimes  seen  a  streak 
come  out  in  a  spot  where  nothing  was  previously  observed.  Me- 
teors from  radiants  far  from  the  apex  are  slow  and  streakless 
though  sometimes  leaving  trains  of  sparks,  and  the  Andromedes 
of  November  23-27  may  be  mentioned  as  an  example  of  the  slow 
trained  meteors.  Whenever  a  phosphorescent  streak  is  left,  we 
may  depend  upon  it  as  proving  the  meteor  to  come  from  a  ra- 
diant in  the  region  of  the  apex  (probably  in  the  eastern  sky) 
while  a  slow  meteor  with  a  train  will  as  certainly  have  its  centre 
in  the  r^on  of  the  anti-apex  in  the  S.  or  W.  sky.  The  apex  rises 
at  about  midnight  and  it  will  be  advisable  for  the  observer  to 
know  its  position  at  different  hours ;  this  he  may  readily  do  by 
some  naked  eye  star  or  other  means. 

A  meteor  with  a  long  path  frequently  has  its  radiant  near  the 
horizon,  and  marked  fluctuations  of  light  are  often  characteristic 
of  such  a  body.  A  radiant  near  the  zenith  usually  supplies  short 
meteors.  A  long  pathed  meteor  is  always  some  distance  from  its 
center,  while  a  very  short,  slow  meteor  will  generally  be  dose  to 
it.  A  very  dense  streak  or  train  left  by  a  short  meteor  is  a  bure 
sign  of  foreshortening,  as  we  see  the  spent  material  end  on,  and 
the  radiant  will  probably  be  not  more  than  a  few  degrees  distant. 
A  bushy  appearance  of  the  nucleus,  or  a  sinuous  curved  motion, 
over  a  short  arc  are  also  indications  of  a  foreshortened  track. 
Long,  rapid  fliglits  afford,  on  the  other  hand,  clear  evidence  that 
the  radiant  is  far  away. 

Hints  like  this  are  not  perhaps  without  their  value,  but  the 
best  teacher,  after  all,  is  experience;  and  the  young  observer,  in 
order  to  gain  information  as  to  these  details,  cannot  do  better 
than  acquire  them  from  nature  herself  by  watching  some  well 


Digitized  by 


Google 


102         The  Spectroscope  and  Some  of  Its  Applications. 

known  showers,  such  as  the  August  Perseids  and  November  Leo- 
nids, and  noting  the  features  of  the  individual  meteors.  Prac- 
tical exercise  of  this  kind  is  often  more  effective  than  any  amount 
of  description.  The  two  showers  we  have  mentioned  are  t3rpical 
of  the  swift,  streak-leaving  meteors,  so  we  would  recommend  the 
study  of  the  November  Andromedes  as  well,  for  they  belong  to  a 
different  class,  moving  very  slowly  and  casting  off"  trains  of  yel- 
lowish sparks.  But  the  Andromedes  do  not  come  every  year,  nor 
do  the  Leonids  return  in  strength  except  periodically;  for  this 
reason  the  August  Perseids  offer  the  best  inducement,  as  they  fur- 
nish a  rich  display  every  year,  and  are  visible  certainly  from  the 
middle  of  July  to  the  middle  of  August. 

Meteoric  radiation  is  not  always  from  a  point;  it  sometimes 
constitutes  an  area  of  tolerably  large  dimensions.  Thus  during 
a  brilliant  exhibition  of  the  Andromedes  on  November  27, 1885, 
the  radiant  was  generally  noticed  to  be  very  diffused.  At  Bristol 
the  writer  estimated  its  diameter  as  7**.  But  this  special  shower 
cannot  be  accepted  as  typical  of  all.  There  are  indeed  many  ra- 
diants which  are  sharply  defined  and  certainly  limited  to  one  or 
two  degrees.  It  is  possible  to  distinguish  such  radiants  with 
great  precision.  Perhaps  one  or  two  meteors  out  of  ten  will  be  a 
little  erratic  but  the  great  majority  of  the  paths  intersect  at  a 
point.  As  a  rule  very  diffuse,  scattered  radiants,  or  double  ra- 
diants for  one  shower  are  simply  the  outcome  of  inexact  observa- 
tion. The  bulk  of  the  radiants  determined  at  Bristol  are  cer- 
tainly less  than  3°  diameter  and  the  probable  error  in  deriving  a 
position  is  considered  to  be  less  than  2°.  But  a  good  deal  must 
obviously  depend  upon  circumstances.  To  get  a  thoroughly 
good  position  for  a  radiant  the  observed  meteors  must  be  near 
to  it  and  must  include  paths  nearly  at  right  angles  to  each  other 
so  that  both  the  R.  A.  and  Decl.  may  be  well  ascertained. 


THB  SPECTROSCOPE  AND  SOME  OP  ITS  APPLrlCATIONS. 


JAMBS  B  KBBLBR.* 


2.    The  Wave-lengtb  Scale^  and  the  Solar  Spectrum. 

In  the  first  number  of  Popular  Astronomy,  I  explained  the 
principles  on  which  a  simple  form  of  prism  spectroscope  is  con- 
structed, and  showed  how  a  bright-line  spectrum  is  formed  when 
the  source  of  light  is  a  body  emitting  certain  definite  kinds  of 
rays.    Experiment  shows  that  a  bright-line  spectrum  can  be  pro- 

•  Observatory,  Allegheny  City,  Pa. 
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dnced  only  when  the  source  of  light  is  a  gas ;  thus  we  see  at  once 
that  by  merely  looking  at  the  spectrum  of  a  body  we  can  tell 
something  about  its  physical  condition.  Under  ordinary  circum- 
stances we  should  not  need  a  spectroscope  to  tell  us  whether  a 
body  was  gaseous  or  not,  but  if  it  were  inaccessible,— if  it  were  a 
nebula,  for  instance,  millions  of  miles  away  in  space, — even  this 
amount  of  information  might  be  in  the  highest  degree  interesting 
and  valuable. 

The  particular  arrangement,  or  grouping,  of  the  bright  lines, 
and  their  relative  brightness,  depend  upon  the  kind  of  gas  which 
gives  out  the  light.  If  we  suppose  that  each  elementary  sub- 
stance, when  vaporized  by  heat,  has  its  own  characteristic 
bright-line  spectrum,  which  is  the  same  under  all  circumstances, 
the  reader  will  easily  understand  how  the  spectroscope  can  be 
used  to  analyze  substances  whose  composition  is  unknown.  It 
is  only  necessary  to  first  become  thoroughly  familiar  with  the 
spectra  of  all  the  elements  in  order  to  recognize  them  when  they 
occur  together.  In  reality  the  case  is  not  quite  so  simple  as  the 
one  supposed,  although  near  enough  to  it  for  the  present  pur- 
poses of  illustration. 

If  a  spectroscope  like  the  one  I  have  described,  or  a  small 
pocket  spectroscope,  many  of  which  are  made  by  Mr.  Browning, 
is  pointed  at  the  Sun  or  the  bright  sky  near  it,  a  spectrum  very 
different  from  anything  yet  mentioned,  will  be  seen.  The  bright 
continuous  spectrum  is  crossed  by  multitudes  of  fine  dark  lines. 
Doubtless  other  and  stronger  lines  will  be  seen,  running  length- 
wise through  the  spectrum,  but  these  are  comparatively  unim- 
portant, being  caused  by  particles  of  dust  in  the  slit.  Any  small 
object,  such  as  the  end  of  a  match,  or  a  bit  of  paper,  held  in  front 
of  the  slit,  will  show  at  once  the  origin  of  these  lines.  The  verti- 
cal lines,  (or  those  which  are  parallel  to  the  slit),  are  of  the 
greatest  importance.  If  we  suppose,  as  we  safely  may,  that  the 
light  when  it  left  the  body  of  the  Sun  originally  contained  all 
possible  kinds  of  rays,  it  is  evident  that  some  particular  rays 
have  been  stopped  on  the  way  to  us,  or  absorbed,  either  by  the 
atmosphere  of  the  Sun  or  by  that  of  the  Earth. 

The  dark  lines  in  the  solar  spectrum  were  discovered  by  Fraun- 
hofer,  or  at  least  their  importance  was  first  recognized  by  him, 
and  the  strongest  lines  are  still  known  by  the  letters  of  the  al- 
phabet which  he  gave  them  for  purposes  of  description.  An 
acquaintance  with  these  lines  is  indispensable  to  even  the  most 
elementary  knowledge  of  spectroscopy,  and  hence  it  seems  best 
to  me  to  begin  with  a  description  of  the  solar  spectrum,  instead 
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of  simpler  forms  which  can  afterwards  be  described  more  readily 
by  means  of  the  knowledge  so  gained. 

It  will  first  be  necessary  to  explain  the  system  which  has  been 
tiniversally  adopted  for  designating  the  position  of  a  line  in  the 
spectrum.  So  far  we  have  merely  mentioned  the  color  of  that 
part  of  the  spectrum  in  which  the  line  is  found,  but  this  evidently 
gives  only  a  very  general  idea  of  its  position.  To  say  that  a  line 
is  in  the  green  does  not  distinguish  it  from  hundreds  of  other  ac- 
tual or  possible  lines.  If  the  observer  has  a  spectroscope  pro- 
vided with  a  graduated  circle,  he  may  measure  the  minimum 
deviation  of  the  line,  and  thus  determine  its  place  in  the  spectrum 
with  much  accuracy.  If,  for  instance,  the  minimum  deviation  of 
the  line  in  the  green  is  found  to  be  48°  45'  30",  the  line  cannot  be 
mistaken  for  any  other  in  the  spectrum  obtained  with  that  par- 
ticular  prism.  The  position  so  determined  might  be  useful  to  the 
observer,  but  it  would  convey  little  information  to  anybody  else, 
as  the  same  line  would  be  differently  deviated  by  different  prisms, 
and  hence  such  a  method  as  this  is  not  suitable  for  general  use. 
The  same  objection  applies  to  all  scales  which  are  peculiar  to  the 
special  instruments  employed,  and  it  is  therefore  necessary  to  find 
some  method  of  stating  the  position  of  a  line  which  is  entirely  in- 
dependent of  the  instrument.  The  method  universally  employed 
is  to  give  the  wavelength  of  the  light  which  is  refracted  to  that 
part  of  the  spectrum  at  which  the  line  is  found,  or  more  briefly 
the  wave-length  of  the  line.  To  the  beginner  this  may  seem  diffi- 
cult, but  in  fact  he  will  find  the  use  of  the  wave-length  scale  is 
very  simple,  as  all  the  hard  parts  have  been  done  for  him  by 
others.  It  is  not  even  absolutely  essential  that  he  should  under 
stand  the  principles  involved  in  the  method,  just  as  a  computer 
could  use  a  table  of  logarithms  without  knowing  how  such  a 
table  is  constructed,  although  doubtless  he  would  use  it  all  the 
better  for  such  knowledge.  The  principles  are  not  difficult,  how- 
ever,  and  I  will  proceed  to  their  explanation,  so  far  as  they  relate 
to  the  ordinary  use  of  the  spectroscope. 

It  is  well  known  that  light  is  an  undulatory  motion  of  the  lu- 
miniferous  ether,*  a  subtle  medium  assumed  to  fill  all  space.  The 
molecules  of  a  heated  body  are  in  a  state  of  extremely  rapid  vi- 
bration, and  their  motion  is  communicated  to  the  ether  and  prop- 
agated in  all  directions  as  light-waves,  just  as  the  vibratory 
motion  of  the  particles  of  a  bell  is  communicated  to  the  air  and 
propagated  as  sound  waves. 

•  Certain  diffictilttes  are  avoided  by  defining  light  as  a  sensation,  generally 
caused  by  external  agencies  which  are  here  regarded  as  light  itself.  The  distinc- 
tion is  not  often  observed  and  it  is  entirely  unnecessary  for  onr  purposes. 
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In  a  vaciitim  light  travels  at  the  rate  of  abotit  186.000  tniles 
per  second.  In  air  the  velocity  is  slightly  less,  and  in  glass  it  is 
reduced  to  abont  two-thirds  of  its  velocitj  in  space.  As  men- 
tioned in  the  last  article  it  is  the  retarding  effect  of  glass  that 
causes  light  to  be  deviated  from  its  course  by  passing  through  a 
prism. 

'  The  average  length  of  a  light-wave  is  about  ^Votttt  ^^  ^^  inch. 
The  waves  are  not  all  of  the  same  length,  however.  The  shorter 
the  waves,  the  more  they  are  retard«i  by  glass,  and  the  more 
they  are  deviated  from  their  original  course  by  a  prism.  Hence 
it  is  that  the  rays  of  light  are  spread  out  by  a  prism  id  the  order 
oftbeir  wave-lengtbSf  the  shortest  waves  going  to  the  upper  or 
violet  end  of  the  spectrum,  the  longest  waves  to  the  lower  or  red 
end,  and  other  waves  to  intermediate  positions  according  to  a 
definite  law.  In  the  spectra  formed  by  some  remarkable  sub- 
stances, this  regular  sequence  of  wave-lengths  is  not  found,  but 
such  substances  are  unfit  for  making  prisms.. 

It  is  not  customary  to  express  the  length  of  light  waves  in 
fractions  of  an  inch.  The  unit  in  general  use  is  the  tenth-meter, 
which  is  the  ten-millionth  part  of  a  millimetre.  It  is  also  called 
an  Angstrdm's  unit,  because  it  was  adopted  by  Angstrdm  in  con- 
structing his  large  map  of  the  solar  spectrum.  According  to  this 
system,  the  wave-lengths  of  lines  in  the  visible  spectrum  range 
from  a  little  less  than  4O00  tenth-metres,  in  the  extreme  violet,  to 
a  little  less  than  8000  tenth-metres  in  the  extreme  red,  so  that  all 
lines  will  be  indicated  by  intermediate  numbers.  The  spectrum 
extends  beyond  these  limits  in  both  directions,  but  beyond  them 
it  is  invisible. 

The  wave-length,  of  light  in  a  vacuum,  or  in  a  medium  of  con- 
stant density  are  always  the  same,  and  it  has  been  proposed  to 
use  them  as  a  basis  for  constructing  a  practical  standard  of 
length ;  in  fact  the  work  of  constructing  such  a  standard  is  now 
going  on  in  Paris. 

The  wave-length  of  a  line  therefore  affords  the  best  possible 
means  of  indicating  its  position,  since  the  wave-length  does  not 
change  and  it  is  independent  of  the  instrument  used.  The  wave- 
lengths of  all  the  important  lines  in  the  solar  spectrum  have  been 
determined  with  extreme  precision,  not  of  course  by  direct  meas- 
urement, but  by  indirect  methods  which  are  explained  in  works 
on  optics.  It  is  sujficient  for  our  purpose  to  accept  the  results 
which  have  been  obtained. 

It  is  not  necessary  to  think  of  the  figures  given  for  the  position 
of  a  line  as  representing  the  length  of  the  waves  of  light  at  that 
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point;  on  the  contrary,  it  is  more  convenient  to  regard  them  as 
the  reading  of  a  scale  fixed  to  the  edge  of  the  spectrum,  and  nsed 
to  read  off  the  positions  of  lines  just  as  any  actual  and  visible 
scale  would  be  used.  The  only  difference  is  that  the  figures  on 
the  wave-length  scale  have  a  special  meaning,  and  those  on  an 
arbitrary  scale  have  not. 

We  are  now  ready  to  consider  the  solar  lines  in  somewhat 
greater  detail.  The  student  should  familiarize  himself  with  their 
general  appearance  and  arrangement,  so  that  he  can  recognize 
them  without  difficulty.  A  rough-and-ready  knowledge  of  the 
solar  lines  is  like  a  knowledge  of  the  constellations  in  studying 
the  stars,  while  an  accurate  map  of  the  solar  spectrum  and  a 
list  of  the  lines  with  their  exact  wave-lengths  are  to  the  spec- 
troscopist  what  a  star-chart  and  star-catalogue  are  to  the  as- 
tronomer. To  learn  the  lines  in  the  spectrum  a  map  is  necessary, 
and  quite  a  number  of  fine  maps  have  been  published ; — either 
original  photographs,  or  eng^ravings  made  firom  drawings.  The 
photographic  maps  are  to  be  preferred.  They  show  us  the  actual 
solar  spectrum  as  it  is  seen  in  an  instrument,  whereas  in  the 
others  we  are  annoyed  by  errors  which  are  unavoidable  in  draw- 
ing and  printing. 

But  to  the  beginner  the  principal  trouble  with  these  maps 
(leaving  aside  the  question  of  expense)  is  that  they  are  on  too 
large  a  scale,  and  they  show  too  much.  It  is  not  easy  to  identify 
lines  in  a  spectrum  a  few  degrees  long,  seen  in  a  small  spectro- 
scope with  a  low  power,  with  the  aid  of  a  map  which  may  be 
perhaps  several  feet  in  length.*  To  meet  this  difficulty  Dr.  Lohse, 
of  the  Observatory  at  Potsdam,  published  a  map  on  a  small  scale, 
showing  the  lines  visible  with  a  small  instrument.  The  student 
will  find  this  map  very  convenient.  It  is  in  No.  6  of  the  second 
volume  of  the  Potsdam  Publications. 

As  all  who  read  this  article  may  not  have  access  to  Dr.  Lohse's 
map,  I  have  drawn  the  accompanying  figure,  which  will  perhaps 
be  usefti]  in  the  same  way,  although  it  contains  only  a  few  lines. 
It  represents  the  relation  between  the  principal  Fraunhofer  lines, 
their  wave-lengths,  and  their  deviations  by  a  60®  glass  prism 
used  at  the  AUegheny  Observatory,  and  it  is  accurately  drawn  to 
scale.  The  deviations  will  certainly  not  be  the  same  for  any 
other  prism,  and  the  spacing  of  the  lines  will  also  be  slightly  dif- 

*  I  find  it  a  time-saving  device  to  color  a  thin  strip  along  the  ed^  of  a  map 
with  crajrons  or  water-colors  so  as  to  approximatelT  match  the  tints  of  the 
spectrum.  When  the  ,map  is  printed  on  many  separate  sheets  the  desired  part 
can  be  selected  at  once  without  looking  at  the  figures.  Colors  are  also  useful  on 
a  long  catalogue  of  wave-lengths. 
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ferent;  still  the  figure  will  represent  quite 
closely  the  distribution  of  the  same  lines  in 
the  spectrmn  given  by  any  small  instru- 
ment. The  degrees  of  deviation  are  marked 
above  the  spectrum,  and  they  are,  of 
course,  of  equal  length.  The  wave-lengths 
are  marked  below  in  intervals  of  100 
tenth-metres,  (the  last  two  ciphers  being 
omitted  for  economy  of  space),  and  the 
reader  will  notice  at  once  that  the  inter- 
vals are  unequal,  being  much  longer  in  the 
violet  (or  left  hand)  than  they  are  in  the 
red.  The  distribution  of  light-waves  shown 
in  the  figure  is  characteristic  of  the  pris- 
matic spectrum.  It  is  evidently  the  result 
of  some  law,  but  the  real  physical  law  has 
never  been  satisfactorily  made  out,  al- 
though an  arbitrary  formula  may  be  de- 
termined for  any  given  prism  which  wiD 
represent  the  spacing  of  the  wave-lengths 
with  all  necessary  precision. 

If  we  should  draw  the  wave-length  intei^ 
vals  all  equal,  and  plat  the  Praunhofer 
lines  in  their  appropriate  places  on  the 
scale  so  obtained,  we  should  have  what  is 
called  a  normal  spectrum.  Such  a  spec- 
trum can  be  actually  produced,  although 
not  by  means  of  prisms.  As  compared 
with  the  normal  spectrum,  the  prismatic 
spectrum  is  evidently  much  compressed  in 
the  red  and  spread  out  in  the  violet. 

With  the  aid  of  the  diagram,  I  will  now 
attempt  to  describe  the  principal  Praun- 
hofer lines,  so  that  the  reader  can  recognize 
them  in  the  actual  solar  spectrum,  which 
he  is  supposed  to  be  observing  with  his 
small  instrument.  I  shall  also  give  the 
known  origin  of  the  lines,  although  we 
have  not  yet  considered  the  way  in  which 
they  are  determined,  and  the  exact  wave- 
lengths,  as  they  will  be  useful  hereafter. 

Perhaps  the  most  easily  recognized  line  in 
the  spectrum  is  the  close  double  line  marked 
D,  and  the  reader  may  begin  by  looking 
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for  it.  It  is  in  the  orange  part  of  the  spectrum,  just  below  the 
yellow,  and  there  are  no  other  strong  lines  in  its  vicinity.  To  see 
the  D  line  double  with  his  small  instrument,  the  observer  may 
have  to  direct  the  collimator  to  the  Sun  itself  and  make  the  slit 
very  narrow,  and  also  focus  the  telescope  carefully.  The  D  lines 
are  just  six  tenth-metres  apart,  their  wave-lengths  being  5890 
and  5896.  The  lower  one  (down  always  meaning  toward  the 
red)  is  called  Di  and  the  upper  one  D,.  They  are  caused  by  the 
absorptive  action  of  sodium  vapor  in  the  Sun's  atmosphere,  and 
if  any  difficulty  is  experienced  in  finding  them  in  the  spectrum, 
the  sodium  flame  described  in  the  last  article,  when  held  in  front 
of  the  slit,  will  point  out  their  exact  places,  for  it  will  give  two 
bright  yellow  lines  which  coincide  exactly  in  position  with  the 
dark  D  lines. 

With  a  more  powerful  instrument,  a  fine  line  can  be  seen  nearly 
midway  between  the  D  lines.    It  is  due  to  nickel. 

Passing  down  the  spectrum,  the  first  strong  line  we  come  to  is 
C,  in  the  bright  red,  or  scarlet.  It  is  due  to  hydrogen,  €ind  is  an 
important  line  in  solar  spectroscopy.  The  wave-length  of  C  is 
6563. 

This  is  nearly  the  end  of  the  spectrum  if  our  instrument  is 
pointed  to  the  sky,  but  if  we  turn  it  to  the  Sun  we  can  see  much 
lower.  In  the  fall,  deep  red  we  come  to  B,  which  looks  like  a 
strong  dark  line  with  a  shade  on  its  lower  side.  With  a  very 
powerful  instrument  the  strong  line  is  resolved  into  a  large  num- 
ber of  dark  lines,  and  the  dark  shading  into  a  most  remarkable 
series  of  doublets,  diminishing  in  intensity  toward  the  lower  end 
of  the  spectrum.  The  B  line  with  its  attendant  doublets  is  due  to 
the  absorptive  action  of  our  own  atmosphere,  and  more  specific- 
ally to  oxygen.  No  single  wave-length  can  be  given  for  the  B  line ; 
perhaps  the  part  which  would  be  called  its  centre  with  a  small 
instrument  is  at  wave-length  6874. 

Below  B,  at  the  extreme  lower  end  of  the  spectrum  is  the  great 
Aline,  in  appearance  much  resembling  B,  although  it  is  darker 
and  stronger,  and  in  a  powerful  instrument  the  series  of  doub- 
lets below  it  is  even  more  remarkable  than  the  corresponding  at- 
tendants of  the  B  line.  The  broad  dark  head  is  resolvable  into  a 
group  of  lines,  the  centre  of  which  is  at  about  wave-length  7604. 
The  A  liiie  is  caused  by  the  absorptive  action  of  oxygen  in  the 
Earth's  atmosphere. 

To  see  the  A  line  well,  the  spectrum  should  be  viewed  through  a 
piece  of  deep  blue  (cobalt)  glass,  which  seems  to  cut  oflFthe  difiuse 
light  in  the  field.    It  may  seem  strange  at  first  sight  that  the  blue 
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glass  should  be  preferred  to  red.  The  reason  is  that  the  blue  glass 
transmits  the  extreme  red  of  the  spectrum  (as  well  as  the  blue 
and  violet  light),  and  absorbs  the  yellow  rays  which  cause  most 
of  the  glare,  and  which  are  transmitted  by  red  glass.  Drawings 
of  both  the  A  and  B  groups  on  a  large  scale,  by  Professor  Langley 
will  be  found  in  the  Proceedings  of  the  American  Academy  of  Sci- 
ence, 1878. 

Between  A  and  B  are  many  smaller  lines,  the  most  prominent 
group  of  which  is  called  a.    Most  of  the  lines  are  atmospheric. 

Going  back  to  D,  and  passing  up  the  spectrum,  in  the  bright 
green  we  come  to  b,  a  close  group  of  lines.  The  strongest  lines 
are  designated  6„  6«,  6,,  and  b^  beginning  with  the  lowest  one,  and 
tiieir  waye-lengths  are  respectively,  6184,  6173,  6169  and  5167 
tenth-meters.  A  small  spectroscope  will  not  separate  the  lines 
very  well.  6„  fc,  and  b^  are  due  to  magnesium.  In  a  large  spec- 
troscope they  have  hazy  borders,  fc,  cor.sists  of  two  very  close 
iron  lines. 

Fis  a  strong  line  just  about  on  the  boundary  between  the  green 
and  the  blue.  It  is  a  hydrogen  line,  the  second  in  a  regular  series 
which  begins  with  C.    Its  wave-length  is  4861.  . 

Above  F  the  lines  become  very  numerous,  and  are  not  always 
easy  to  identify.  G  is  the  strongest  line  in  a  rather  wide  group, 
which  is  only  roughly  indicated  in  the  figure.  Below  the  group 
in  which  G  is  situated  are  two  rather  strong  lines ;  the  lower  line 
is  H;/*,  sometimes  called  G  (italic),  the  third  line  of  the  hydrogen 
series.  It  is  an  important  line  in  astronomical  spectroscopy,  for 
the  reason  that  it  occurs  in  nearly  all  star  spectra,  and  it  is  in  the 
part  of  the  spectrum  which  most  strongly  aflTects  the  ordinary 
dry  plate  used  in  photography.  The  wave-length  of  G  is  4308, 
and  •that  of  Hy  is  4341. 

Another  hydrogen  line,  A,  is  found  at  4102  on  the  wave-length 
scale. 

H  and  K  are  two  broad,  hazy  lines,  easily  recognized  at  the  ex- 
treme violet  end  of  the  spectrum,  and  are  best  seen  with  the  aid 
of  a  piece  of  blue  glass.  Both  are  due  to  calcium  in  the  Sun's  at- 
mosphere. The  fourth  line  of  the  hydrogen  series  falls  so  close  to 
the  calcium  line  in  the  center  of  H  that  it  cannot  be  separately 
seen.  The  wave-lengths  of  H  and  K  (the  central  calcium  lines) 
are  3969  and  3934. 

The  lines  which  have  been  mentioned  take  us  through  the 
whole  range  of  the  visible  solar  spectrum.  The  way  in  which 
lines  in  the  invisible  parts  of  the  spectrum  ar^  detected  must 
be  left  until  another  time. 


Digitized  by 


Google 


110         The  Spectroscope  and  Some  of  Its  Applications. 

It  shotild,  perhaps,  be  mentioned  that  the  tenth-metre  is  not 
invariably  chosen  as  the  tmit  of  the  wave-length  scale.  Some- 
times a  tmit  ten  times  greater— the  millionth  of  a  millimetre— is 
used,  and  then  the  wave-length  of  the  F  line  wotdd  be  written 
486.1 ;  some  writers  nse  the  micron  or  thousandth  part  of  a 
millimetre,  and  write  the  wave-length  of  F,  0.4861.  As  no  line 
in  the  visible  spectrum  has  a  wave-length  ten  times  greater  than 
that  of  any  other  line,  no  contusion  restdts  from  this  practice. 
To  indicate  that  a  number  represents  a  wave-length,  the  symbol 
X,  which  always  stands  for  wave-length  in  optical  formulae,  is 
written  before  it ;  as  \  4861. 

In  closing  the  subject  for  the  present,  I  will  mention,  for  the 
convenience  of  the  reader,  some  of  the  more  important  maps  of 
the  solar  spectrum  that  have  been  published. 

Fraunhofer's  original  map  was  printed  in  the  Denkscbriften  of 
the  Munich  Academy  of  Sciences,  1814-15.  On  account  of  its 
great  historical  interest,  it  is  often  reproduced  in  modem  text- 
books; there  is  a  copy,  for  instance,  in  Lockyer's  "Solar  Phy- 
sics,"  and  another  (not  showing  the  whole  spectrum,  however) 
in  Young's  **The  Sun". 

The  original  map  by  Kirchhoff,  the  discoverer  of  the  natural 
laws  which  underlie  the  phenomena  exhibited  by  the  spectro- 
scope, was  published  in  two  parts  (four  plates)  in  the  Transac- 
tions of  the  Berlin  Academy,  1861  and  1862.  It  extends  from  A 
to  G,  inclusive.  The  accompanjring  memoirs  were  translated 
into  English  by  Professor  Roscoe  and  published  with  the  plates 
by  Macmillan  in  1862  and  1863.  The  instrument  with  which 
this  great  work  was  executed  has  four  prisms ;  otherwise  it  is 
much  like  the  simple  spectroscope  described  in  our  last  article. 
It  is  now  in  Chicago,  in  the  German  educational  exhibit  of  the 
gallery  of  the  Liberal  Arts  building.  The  scale  of  Kirchhoffs 
map  is  an  arbitrary  one.  Lines  are  still  sometimes  designated 
by  their  place  on  this  scale;  as  for  instance  a  certain  line  in  the 
spectrum  of  the  Sun's  corona,  which  is  generally  known  as 
1474K.    The  wave-length  of  the  same  line  is  5317. 

Angstrdm's  memoir  on  the  solar  spectrum  was  published  at 
Upsala  in  1868.  The  map,  extending  from  a  little  below  B  to  K, 
occupies  six  plates,  and  the  scale  is  a  normal  one.  Recent  re- 
searches have  shown  that  the  scale  readings  all  need  to  be  in- 
creased by  just  about  one  division,  or  tenth-metre.  Angstr5m's 
scale  has  hitherto  been  used  as  a  standard  in  spectroscopic  work. 
A  reduced  copy  of  the  map  is  given  in  a  number  of  text-books,  as 
in  Kayser's  "  Lehrbuch  der  Spectralanalyse"  and  Schellen's  Spec- 
trum Analysis". 
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Rutherford's  fine  photographic  map  of  the  normal  solar  spec- 
trum from  b  to  X  3550  in  the  ultra-violet  was  published  in 
1875,  and  has  been  in  turn  surpassed  by  Professor  Rowland's 
great  map,  showing  the  whole  solnr  spectrum,  from  below  the  B 
line  to  far  in  the  ultra-violet,  on  an  immense  scale.  It  is  mounted 
on  ten  separate  sheets,  and  if  stretched  out  so  as  to  form  a  con- 
tinuous strip  would  make  a  solar  spectrum  about  forty  feet  long. 

Among  other  maps  may  be  mentioned  the  following:  a  magnif- 
icently engraved  map  by  M.  Thollon,  extending  from  below  A  to 
and  including  the  b  group,  left  incomplete  by  the  death  of  the  ob- 
server, published  in  Vol.  Ill  of  the  Annals  of  the  Observatory  of 
Nice.  The  scale  is  arbitrary ;  Professor  Piazzi  Smyth's  elaborate 
and  somewhat  diagramatic  maps,  in  the  Transactions  of  the 
Royal  Society  of  Edinburgh ;  Dr.  Becker's  map  showing  the  spec- 
trum of  the  high  and  of  the  low  Sun,  in  the  same  Transactions 
(Vol.  36,  Part  I),  and  Mr.  Frank  McClean's  photographic  map 
on  the  same  plan.  Selected  portions  of  a  photographic  map  by 
Mr.  George  Higgs  of  Liverpool,  showing  wonderful  definition, 
are  reproduced  in  Knowledge,  Sept.  1,  1890.  I  am  not  aware 
that  the  complete  map  has  yet  been  published. 
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The  Great  Nebula  in  Andromeda. 

When,  some  150  years  ago,  a  few  nebulous  bodies  were  resolved 
into  stars  by  the  small  telescopes  then  in  use,  the  opinion  gener- 
ally prevailed  that,  could  glasses  of  sufficient  size  and  power  be 
brought  to  the  work,  all  would  be  found  resolvable,  and,  as  tele- 
scopes were  increased  in  size,  and  more  and  more  showed  them- 
selves to  be  masses  of  stars,  the  idea  seemed  a  not  unreasonable 
one,  though,  at  the  same  time,  a  great  number  were  discovered 
which  defied  even  the  mammoth  telescopes  of  Sir  William  Her- 
schel,  so  that  while  but  few  were  added  to  the  list  of  resolvable 
nebulae,  a  vastly  greater  number  were  still  unresolvable  and  the 
question  whether  all  nebulae  are  really  star  clusters  was  held  in 
abe3-ance.  It  required  the  invention  of  an  optical  instrument  en- 
tirely unlike  the  telescope,  viz.,  the  spectroscope,  which  by  anal- 
ysis of  their  light  has  settled  the  matter  in  a  manner  both 
emphatic  and  unexpected,  though  it  cannot  here  be  described,  be- 
ing alien  to  the  subject  I  have  assumed  to  discuss. 
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Only  about  a  half  dozen  nebulae  are  visible  to  the  naked  e^-e. 
One  of  the  brightest  and  largest,  though  by  no  means  the  near- 
est is  the  great  nebula  in  Andromeda,  commonly  so  called,  which 
though  telescopically  a  nebula  is  spectroscopically  a  star  cluster, 
that  is  to  say,  the  spectroscope  shows  it  to  be  an  aggregation  of, 
probably,  countless  millions  of  suns,  and  yet  no  telescope  has 
ever  resolved  it  into  stars.  It  may  equal  or  even  surpass  our 
Milky  Way  in  grandeur.  It  has  two  companions,  one  a  cluster, 
the  other  a  nebula,  both  of  which  are,  with  large  telescopes,  su- 
perimposed on  the  face  of  the  principal,  though  we  cannot  say 
whether  either  belongs  to  the  lucida,  or  if  one  or  both  are  be- 
tween us  and  it  or  beyond. 


Pig.  1. 

Through  small  and  even  pretty  large  telescopes  it  appears  as  a 
long,  narrow  ellipse  of  undeviating  regularity,  but  in  great  in- 
struments the  elliptic  symmetry  is  lost. 

Its  position  is  right  ascension  0**  36'"  56*;  declination  north  40° 
41'.  It  is  known  as  No.  31  of  Messier's  Catalogue  of  103  nebu- 
lae, published  in  1781.  To  the  naked  eye  it  presents  no  particular 
outline,  but  seems  simply  a  hazy  spot  and  has  often  been  mis- 
taken for  a  comet. 

To  find  it,  look  at  Alpha  Andromedae,  the  pretty  bright  star 
forming  the  northeast  corner  of  the  square  of  Pegasus.  Pifteen 
degrees  northeast  is  another  star  nearly  as  bright,  and  about 
five  degrees  north  and  a  little  west  of  the  last  named  is  the  faint 
star  Nu,  (v)  close  to  which  is  the  nebula. 

Under  favorable  conditions  of  seeing,  my  telescope,  a  16-inch 
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THE  NEBULA  IN  ANDROMEDA. 

Photographed  by  Mr.  Roberts  Dec.  30,  1888. 

Copied  froni  Himmel  and  Erde. 
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refractor,  shows  it  extended  to  four  degrees  in  lenojth  and  two 
and  one-half  in  breadth  with  little  S3^mmetry  of  outline,  and  hav- 
ing two  dark  streaks  or  lanes  running  lengthwise  across  its  face, 
which  latter  a  long  exposure  of  the  photographic  plate  shows  to 
be  rings,  suggesting  the  rings  of  Saturn.  That  it  is  a  double 
annular  cluster  seen  partly  edgewise  is  in  the  highest  degree  prob- 
able. 

Fig.  1  shows  it  as  it  apj^ears  through  my  4V2  inch  comet 
seeker. 

Fig.  2  as  seen  with  my  16-inch  refractor. 

Plate  VII.  (Opposite)  as  photographed  by  Mr.  Roberts. 


Fig.  2. 

The  most  casual  inspection  shows  a  difference  so  enormous 
that  it  is  difficult  to  believe  them  representations  of  one  and  the 
same  object.  Unlike  most  of  the  illustrations  in  astronomical 
text-books  these  are  correct.  How  difficult  it  is  to  make  lifelike 
drawings  of  nebulae  only  those  who  have  attempted  their  deline- 
ation know,  and  to  argue,  as  has  been  done,  change  of  physical 
contour  because  of  dissemblance  by  different  draughtsmen  is 
almost  absurd. 

The  central  portion  of  this  nebula  is  very  bright.  An  examina- 
tian  of  Fig.  2  will  show  the  two  companions  which  are  within 
the  visible  boundaries. 
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The  bright  points  scattered  over  the  plate  are  stars  or 
self-shining  suns  like  our  own,  each  doubtless,  the  center  of  a 
planetary  system  where  beings  like  ourselves  may  dwell.  There 
lies  before  me  as  I  write  a  photograph  of  the  nebula  and  its 
surroundings  by  Dr.  E.  E.  Barnard  of  the  Lick  Observatorj-, 
where  sixty-four  thousand  Suns  are  distinctly  visible.  It  was 
not,  as  might  be  supposed,  taken  with  the  great  telescope,  but 
by  a  photographic  camera  of  five  inches  aperture  lashed  to  the 
declination  axis  of  a  six-inch  telescope,  the  latter  being  emploj'ed 
simply  to  obtain  the  service  of  its  driving-clock,  and,  to  check 
the  irregularities  of  its  rate,  the  photographer  for  4**  18*"  holding 
the  cross  wires  of  the  telescope  exactly  on  a  selected  star  in 
order  that  the  stars  might  show  as  sharp  points  rather  than 
blurred  dots.  It  is  a  grand  piece  of  photographic  work  not 
merely,  but  also  an  example  of  the  unwearied  patience  of  one 
who  but  a  few  years  ago  belonged  to  the  class  I  am  now  addres- 
sing, viz.,  amateur  astronomers,  but  who  by  untiring  energy 
lias  achieved  a  standing  which  excites  the  admiration  of  the 
world. 

This  nebula  was  first  discovered  of  course  by  the  naked  e\'e 
about  a  thousand  years  ago,  and  as  it  was  then,  as  now,  an  in- 
conspicuous object  to  the  unassisted  eye,  we  infer  that  very  little 
il  any  change  in  position  or  brightness  has  occurred.  In  1885  a 
new  star  suddenly  shone  out  from  almost  the  exact  center  of  its 
brightest  portion.  When  it  had  attained  its  maximum  brilliancy 
it  was  of  nearly  the  sixth  magnitude  but  in  a  few  weeks  had  so 
declined  as  to  require  a  good  telescope  for  its  viewing.  I  well  re- 
member on  the  occasion  of  my  last  quest  for  it,  how  extremely 
diflicult  it  was  to  even  glimpse  it  with  my  16-inch  glass,  though 
but  a  few  weeks  before  I  had  seen  it  on  a  single  occasion 
with  the  naked  eye,  much  extraneous  light  being  shut  out 
by  a  dense  grove  of  trees.  It  has  not  reappeared  since  nor  ever 
may.  By  what  dire  calamity  such  a  torch  could  be  suddenl3' 
lighted  and  so  quickly  extinguished  is  only  one  of  the  many 
mysteries  of  astronomy.  And  what  relation,  if  any,  the  star 
bore  to  the  nebula  is  also  unknown.  And  though  light  moves 
at  the  rate  of  186,300  miles  per  second,  the  event  must  have 
happened  many  years  before  the  tidings  of  the  awful  disaster  of 
a  world  on  fire  reached  our  planet. 

Text-books  declare  that  the  late  Professor  Bond  with  the  15- 
inch  refractor  of  Harvard  College  Observatory  saw  1,500  stars 
on  the  face  of  the  nebula.  With  a  larger  telescope  I  have  been 
unable  to  detect  so  large  a  number,  but,  whether  they  be  less  or 
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more,  they  appear  to  have  no  connection  with  the  nebnloas 
dnster,  but  to  Ue  between  ns  and  it. 

Sir  William  Herschel  is  said  to  have  estimated  that  100,000 
years  would  be  required  for  the  light  from  the  stars  of  this  clus- 
ter to  reach  us,  but  as  its  distance  is  unknown  the  fallacy  of  such 
an  argument  is  apparent,  and,  I  doubt  if  the  distinguished  as- 
tronomer so  averred.  But  the  fact  that  the  spectroscope  empha- 
sizes it  to  be  a  cluster,  while  the  greatest  telescope  yet  made  can- 
not resolve  it,  certainly  betokens  a  distance  incomprehensible  to 
finite  minds. 

Warner  Observatory,  Rochester,  N.  Y. 
Sept.  21, 1893. 
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III. 


In  the  preceding  article  attention  was  called  to  the  difficulties 
in  learning  the  constellations  which  arise  from  the  daily  motion 
of  the  heavens.  Were  the  stars  always  in  the  same  part  of 
the  sky,  it  would  not  be  a  difficult  matter  to  fix  their  po- 
sitions so  firmly  in  the  mind  that  they  would  be  recognized 
just  as  we  recognize  the  familiar  objects  near  our  homes.  But 
the  daily  rotation  of  the  Earth  on  its  axis  prevents  any  such 
recognition,  and  we  are  obliged  to  learn  them,  if  we  learn  them 
at  all,  in  their  varying  positions  from  night  to  night.  This  diffi- 
culty is  aggravated  by  the  fact  that  the  axis  of  rotation  is  in- 
clined to  the  vertical  position  in  which  we  stand  when  looking  at 
the  sky,  so  that  the  groups  seem  to  turn  as  they  move  from  east 
to  west.  The  farther  north  the  constellations  lie,  the  more 
marked  is  this  change.  Thus  Scorpio,  low  in  the  southern  sky, 
does  not  change  its  angle  with  the  horizon  so  much  in  moving 
from  southeast  to  southwest  as  to  render  its  recognition  difficult, 
but  Draco,  a  winding  constellation  high  in  the  northern  sky,  is 
quite  hard  to  find  in  its  varying  positions  around  the  celestial 
pole.  This  difficulty,  however;  soon  ceases  to  be  troublesome  if 
the  student  is  persevering  and  systematic.  He  must  be  persever- 
ing in  order  to  see  a  given  group  in  all  its  positions,  for  this  re- 
quires noting  it  from  time  to  time  for  several  months.  He  must 
also  be  systematic  in  order  to  learn  the  group  not  as  an  isolated 
collection  of  stars,  but  as  related  to  neighboring  groups ;  if  he  is 
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careftil  in  noting  these  relations  he  will  find  it  comparatively  easy 
to  remember  the  groups,  and  he  will  not  be  mnch  disturbed  by  the 
changes  in  position  from  night  to  night.  He  will  also  verify  for 
himself  the  fact  that  the  heavens  turn  as  a  whole,  and  that  in 
consequence  the  relative  positions  of  the  configurations  are  un- 
changed, no  matter  in  what  part  of  the  sky  they  are  viewed. 

It  was  suggested  in  the  preceding  article  that  a  systematic 
study  of  the  constellations  could  be  made  on  the  basis  of  the  di- 
visions of  the  heavens  made  by  professional  astronomers  in  desig- 
nating the  places  of  stars  in  star  catalogues  and  charts.  The 
advantages  of  this  plan  are  sufficiently  obvious  to  need  no  fur- 
ther discussion,  and,  as  was  pointed  out,  there  are  certain  promi- 
nent stars  which  mark  the  boundaries  of  the  several  subdivisions 
with  sufficient  precision  for  this  purpose.  This  is  preeminently 
true  of  the  stars  which  mark  the  position  of  the  equinoctial  col- 
ure,  which  corresponds  in  the  celestial  system  to  the  meridian  of 
Greenwich  on  the  Earth  as  a  reference  circle.  It  will  be  remem- 
bered that  the  names  declination  and  right  ascension  are  used 
for  designating  star  places,  and  not  latitude  and  longitude  to 
which  they  respectively  correspond. 

It  is  a  good  plan  to  go  out  into  the  open  air  and  look- 
ing up  at  the  sky  imagine  the  surface  of  the  sphere  covered 
with  a  system  of  circles  corresponding  with  those  we  draw 
upon  the  celestial  globe.  We  are  accustomed  to  view  the 
latter  from  the  outside,  looking  down  upon  the  convex  sur- 
face. In  celestial  observation  we  are  within  the  sphere,  at  its 
very  center  apparently,  and  look  up  upon  the  concave  surface  of 
a  sphere.  On  this  concave  surface  imagine  the  system  of  circles 
drawn,  corresponding  exactly  to  those  on  the  globe,  but  with 
only  half  of  the  system  visible  in  the  hemisphere  above  us. 
Around  the  north  star,  or  more  accurately  the  north  pole,  im- 
agine a  series  of  small  circles  drawn,  like  the  parallels  of  lati- 
tude, larger  and  larger  as  one  goes  south  until  the  horizon  cuts 
ofiF  part  of  the  circles  imagined.  When  the  circle  passing 
through  the  east  and  west  points  of  the  horizon  is  reached,  it 
will  be  exactly  halved  by  the  horizon,  just  half  of  it  in  the  visible 
and  half  in  the  invisible  hemisphere.  It  will  be  noticed  that  the 
planes  of  all  these  circles  are  inclined  to  the  horizon  because  they 
are  all  perpendicular  to  the  line  joining  our  eyes  with  the  pole. 
In  consequence,  the  circle  just  mentioned,  which  passes  through 
the  east  and  west  points  of  the  sky,  does  not  go  through  the 
zenith  or  point  directly  overhead,  but  crosses  the  meridian  at  a 
point  as  much  south  of  the  zenith  as  the  pole  is  elevated  above 
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the  north  horizon  (the  latitude  of  the  observer's  station).  This 
circle  is  the  celestial  equator.  Continuing  to  imagine  circles, 
drawn  farther  and  farther  south,  it  will  be  seen  that  more  than 
half  of  the  circles  are  invisible,  and  that  the  portion  visible  is 
smaller  and  smaller  until  the  south  point  of  the  horizon 
is  reached.  If  any  difficulty  is  found  in  imagining  these  circles, 
the  daily  motion  of  the  heavens  will  trace  them  for  us.  Simply 
select  the  Sun,  the  Moon  or  any  star  and  look  at  its  place  occa- 
sionally for  a  few  hours,  and  it  will  show  just  how  the  circle 
upon  which  it  is  placed  lies  in  the  sky.  These  circles  are  some- 
times called  parallels  of  declination,  to  correspond  with  parallels 
of  latitude  on  the  Earth,  and  sometimes,  quite  appropriately, 
diurnal  circles  for  the  reason  just  given. 

Continuing  the  construction  of  the  system  of  circles  on  the 
concave  surface  of  the  sphere,  we  now  imagine  an  indefinite  num- 
ber of  circles  to  diverge  from  the  north  pole  in  all  possible  direc- 
tions, like  the  meridians  on  the  Earth.  They  will  all  cross  the 
celestial  equator  at  right  angles  and  then  converge,  all  meeting 
at  the  invisible  south  pole  of  the  heavens.  The  system  is  now 
complete;  all  that  remains  is  to  select  one  of  these  circles  for  a 
circle  of  reference — ^that  passing  through  the  points  on  the  celes- 
tial equator  where  the  Sun  is  at  the  vernal  and  autumnal 
equinoxes.'  This  reference  circle,— the  equinoctial  colure,— can  be 
easily  traced  in  the  sky,  as  explained  in  the  last  article,  by  the  line 
of  bright  stars  a  Ursae  Minoris,  /3  Cassiopeiae,  a  Andromedae  and 
y  Pegasi  leading  to  the  vernal  equinox,  and  a  Ursae  Minoris,  d 
Ursae  Majoris  leading  to  the  autumnal  equinox. 

The  reader  of  these  articles,  who  is  following  the  suggestions 
made  for  a  first  study  of  the  constellations,  is  advised  at  this 
point  to  recall  the  definitions  of  right  ascension  and  declina- 
tion, and  to  estimate  the  right  ascension  and  declination  of 
certain  objects  in  the  sky,  for  instance  the  planet  Jupiter,  the 
Moon,  or  some  star  which  is  already  known,  as  a  Lyrae.  To  do 
this,  first  imagine  the  celestial  equator,  and  then  the  circle  pass- 
ing from  the  pole  through  the  object  to  the  equator ;  then  esti- 
mate the  distance  between  the  equator  and  the  object  mecu^ured 
on  this  circle  in  degrees,  calling  the  whole  distance  between  the 
pole  and  the  equator  90^.  This  is  the  declination.  Next  find  the 
line  of  stars  tracing  the  equinoctial  colure,  and  estimate  the 
angle  between  this  circle  and  the  declination  circle  just  drawn  be- 
tween the  pole  and  the  object.  This  is  the  right  ascension. 
The  angle  should  be  reckoned  from  the  part  of  the  equinoctial 
colure  passing  through  the  veraal  equinox  towards  the  east  un- 
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til  the  declination  circle  of  the  object  is  reached.  For  instance  in 
the  autumn  evenings  the  line  of  stars  marking  the  half  of  the 
equinoctial  colure  which  leads  to  the  vernal  equinox  is  high  in 
the  sky,  coinciding  with  the  meridian  at  about  9:30  p.  m.,  Nov. 
1st.,  and  7:30  p.  m.,  Dec.  1st.  Any  object  in  the  eastern  sky,  as 
the  planet  Jupiter  this  year,  has  a  right  ascension  less  than  90°. 

If  the  object  is,  however,  in  the  western  sky,  like  a  Lyrae,  the 
angle  between  the  equinoctial  colure  and  its  declination  circle 
reckoned  towards  the  east  will  be  greater  than  90°,  in  fact 
greater  than  180°  or  even  270°.  A  good  way  in  such  a  case  is  to 
reckon  backwards  or  westward  from  the  equinoctial  colure  and 
then  subtract  the  estimated  angle  from  360°.  The  Moon  is  an 
excellent  object  to  make  these  estimates  upon,  as  it  will  be  found 
each  night  about  13°  east  of  its  position  the  preceding  night. 
Its  right  ascension  will  therefore  increase  from  night  to  night  un- 
til it  has  completed  the  whole  360°.  At  the  same  time  its  declin- 
ation will  vary  between  28°  north  and  28°  south  of  the  equator. 
It  is  the  present  custom  of  astronomers  to  give  right  ascension 
in  hours,  minutes  and  seconds,  like  the  ordinary  time  division  of 
24^,  rather  than  in  degrees,  minutes  and  seconds,  but  both  are  in 
current  use.  Dividing  or  multiplying  by  15  will  evidentl3'  change 
the  one  method  to  the  other. 

There  are  two  difficulties  frequently  encountered  by  the  student 
which  may  here  be  discussed — that  of  remembering  the  groups 
after  they  have  once  been  learned,  and  that  of  using  star  maps. 
The  former  difficulty  is  not  peculiar  to  astronomical  study. 
Some  one  has  defined  the  Memory,  as  "the  faculty  by  which  we 
forget  things."  Theorists  may  tell  us  that  when  we  once 
thoroughly  understand  and  learn  anything  we  should  never  for- 
get it;  but  practical  experience  shows  that  it  is  necessary  to 
think  occasionally  upon  the  subject  if  it  is  to  be  remem- 
bered. And  so  with  the  constellations.  In  order  to  remember 
them  it  is  necessary  to  review  them  occasionally.  It  is  a 
good  plan  to  form  the  habit  of  looking  up  at  the  sky  frequeiitly 
on  starlight  evenings  and  recall  the  groups,  and  if  any  are  seen 
which  are  not  at  first  recognized,  to  look  them  up  upon  a  star 
map  and  thus  restore  them  to  their  place  in  the  mind.  The  more 
frequently  this  is  done  the  better  will  the  groups  be  remembered, 
provided  they  are  thoroughly  mastered  at  the  outset. 

The  other  difficulty  can  be  overcome  only  by  practice  in  the  use 
of  star  maps,  but  it  is  not  a  serious  difficulty  except  at  first.  It 
results  from  the  fact  that  the  star  map  is  necessarily  upon  a  flat 
surface  and  so  the  stars  must  be  located  on  the  map  by  some  one 
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of  the  Tarious  methods  of  projection  of  a  spherical  surface  upon 
a  plane.  Besides,  black  stars  printed  upon  a  white  paper  back- 
ground do  not  look  like  white  stars  seen  upon  the  dark  gronnd 
of  the  sky.  Some  maps  have  been  prepared  with  white  stars 
upon  a  bine  or  black  surface  to  remedy  the  latter  difficulty,  but 
the  result  has  not  met  with  much  favor,  and  maps  are  to-day 
usually  made  with  black  stars  printed  upon  a  whitish  paper. 
This  difficulty  disappears  with  a  little  practice  and  soon  one  can 
readily  pass  from  the  map  to  the  st^rs  or  from  the  stars  to  the 
map  with  facility. 

There  is  one  way  in  which  the  two  difficulties  just  named  can 
be  further  reduced  and  which  is  also  an  excellent  aid  in  the  first 
learning  of  the  constellations.  It  is  by  making  star  maps  one's 
self  as  the  several  groups  are  learned.  This  involves  some  labor 
but  not  so  much  as  one  might  at  first  think,  and  it  is  a  labor 
which  in  the  opinion  of  some  is  well  spent,  for  the  mere  act  of 
plotting  upon  a  page  the  leading  stars  of  a  group  tends  to  ilix 
them  the  more  firmly  in  the  memory,  and  it  accustoms  the 
learner  also  to  the  habit  of  locating  points  by  their  relative  posi- 
tions, and  at  the  same  time  gives  facility  in  using  star  maps. 
The  rest  of  this  article  will  therefore  be  given  to  an  explanation 
of  a  method  by  which  students'  star  maps  may  be  simply  con- 
structed  as  an  aid  to  learning  the  constellations. 

In  order  to  prepare  star  maps,  it  is  necessary  first  to  have 
blank  maps  prepared  upon  which  the  stars  are  to  be  inserted,  and 
second  to  have  the  positions  of  the  stars  given  with  sufficient  ac- 
curacy for  the  purpose  of  plotting  them.  The  blank  maps  would 
better  be  five  in  number,  one  for  each  of  the  four  divisions  of  the 
heavens  made  by  the  equinoctial  and  solstitial  colures,  and  the 
fifth  for  a  polar  map  made  by  taking  from  each  of  the  four  the 
part  near  the  pole.  This  division  is  suggested  by  the  ordinary 
position  of  the  student  as  he  views  the  heavens.  For  studying 
those  constellations  which  lie  between  his  zenith  and  the  south- 
em  horizon  he  faces  the  south,  turning  occasionally  towards  the 
east  or  west;  the  west  lies  on  his  right  and  the  east  on  the  left. 
When  he  looks  at  the  northern  constellations,  he  faces  the  north 
in  his  average  position,  and  in  middle  latitudes  observes  the 
groups  which  are  usually  known  as  circumpolar  groups — those 
which  do  not  rise  and  set  but  are  always  above  the  horizon. 
The  polar  constellations  seem  to  him  to  be  revolving  about  the 
pole  in  a  direction  contrary  to  clock  hands.  Makers  of  star 
maps  usually  have  one  or  more  maps  in  which  the  pole  is  at  or 
near  the  centre  of  the  map,  and  others  for  the  parts  of  the  sky  Ij- 


Digitized  by 


Google 


120 


Constellation  Studv. 


ing  farther  away  from  the  pole  corresponding  to  the  view  of  the 
sky  when  the  observer  faces  the  south.  Let  us  now  note  how 
such  maps  can  be  constructed. 

1.  The  Polar  Map.  This  should  cover  that  region  about  the 
pole  in  which  the  stars  do  not  rise  or  set.  For  all  middle  lati- 
tudes it  is  sufficient  to  select  the  region  which  is  within  45°  of  the 
pole.  Select  any  convenient  radius,  for  instance  6  inches,  and  de- 
scribe a  circle.  Draw  two  diameters  at  right  angles  to  each 
other  and  let  them  represent  the  equinoctial  and  solstitial 
colures.  Then  draw  a  series  of  smaller  circles  concentric  with 
the  first  one  drawn,  to  represent  the  parallels  of  declination. 


For  the  purpose  of  plotting  the  leading  stars  of  the  constella- 
tions it  is  advisable  to  draw  these  circles  for  every  five  degrees  of 
polar  distance.    Their  radii  will  then  be  one- ninth,  two-ninths, 
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etc.,  of  the  original  radius.  At  their  intersections  with  the 
equinoctial  and  solstitial  colures  it  is  well  to  write  the  degrees  of 
declination  85°,  80°  and  so  on  to  45°.  Then,  other  diameters 
should  be  drawn ;  if  they  are  placed  15°  apart  they  will  accord 
with  declination  circles  an  hour  apart  in  right  ascension.  They 
should  be  numbered  from  the  diameter  selected  for  the  equinoctial 
colure,  around  the  circle  in  the  direction  in  which  the  hands  of  a 
clock  move. 

Pig.  1  represents  a  polar  map  thus  drawn  in  outline.  It  was 
drawn  on  a  scale  one-half  of  that  suggested,  and  has  been  re- 
duced somewhat  in  printing.  For  practical  use,  a  larger  size  is 
advisable  and  the  suggested  size  of  6  inches  for  the  length  of  the 
radius  is  none  too  large.  It  requires  a  sheet  of  paper  somewhat 
more  than  12  inches  square.  Several  minor  suggestions  in  the 
construction  of  the  map  may  be  made.  Contrasts  in  the  heavi- 
ness of  the  lines  will  make  the  map  easier  to  use ;  thus  the  smal- 
ler circles  at  the  even  10°  may  be  made  heavier  than  the  others, 
and  the  diameters  which  mark  the  hours  of  right  ascension  may 
be  of  different  strength.  The  two  colures  should  be  especially 
prominent  so  that  the  division  into  quarters  may  be  conspicuous. 
If  the  size  of  the  sheet  admits,  it  may  be  well  to  insert  circles  or 
diameters  at  intervening  distances,  and  these  may  be  made  by 
dotted  lines.  Experience  will  show  whether  the  skeleton  map 
prepared  as  above  is  more  useful  without  or  with  more  reference 
lines. 

The  use  of  such  a  map  needs  but  a  brief  explanation.  It  is  for 
the  insertion  of  the  prominent  stars  of  the  polar  constellations 
in  their  proper  positions.  Thus  a  star  at  65°  declination  and 
20''  right  ascension  would  be  placed  at  the  intersection  of  the  65° 
circle  with  the  20^  declination  circle.  A  star  at  73°  declination 
and  5'*  40"  right  ascension  would  be  placed  between  the  70°  and 
75°  circles  and  the  5**  and  6**  declination  circles  at  the  proper  dis- 
tances. The  seven  stars  of  the  Dipper  have  the  following  posi- 
tions : 

Riffht  Atc^nsion.    Declination 

tarn  « 

a    Ursae  Majoris 10  67  62.3 

fi       *•          ••       10  66  66.9 

r        •'          •'        11  48  54.3 

6        •'          "        12  10  57.6 

«         "          "       12  49  56.5 

C        ••          '•       13  20  55.4 

p        "          "       13  43  49.8 

When  an  outline  polar  map  has  been  constructed,  it  would  be  a 
good  plan  to  insert  these  stars  for  practice  in  its  use. 
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2.  The  Equatorial  Map.  This  map  should  contain  for  each  of 
the  four  divisions  of  the  sky  the  space  south  of  the  boundaries  of 
the  polar  map  (45°  in  declination  if  drawn  as  above  suggested), 
to  the  limit  of  the  visible  heavens.  It  may  be  easily  constructed 
on  the  plan  illustrated  in  Fig.  2,  as  follows :  First  two  lines  at 
right  angles  to  each  other  are  drawn  of  the  same  length,  which 
may  well  be  the  diameter  of  the  polar  map, — for  instance  twelve 
inches.  One  of  these  is  chosen  for  the  equator  and  the  other  for 
the  central  declination  circle  of  the  section.  Parallel  lines  to  the 
equator  are  next  drawn  at  distances  of  every  5°  in  declination. 
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Fig.  2 


Their  distance  apart  will  be  the  same  as  that  of  the  parallels  of 
declination  of  the  polar  map.  Their  length  will  be  shorter  and 
shorter  as  the  distance  from  the  equator  increases,  according  to 
the  values  to  be  given  below  in  a  table.  These  parallels  of  declin- 
ation are  to  be  numbered  for  declinations  from  the  equator  north 
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and  south.  When  the  lengths  of  the  parallels  of  declination  have 
been  careftilly  laid  off,  the  right  and  left  boundaries  of  the  map 
may  be  drawn  by  the  eye.  or  they  may  be  drawn  by  dividers,  one 
leg  placed  upon  the  equator  at  a  distance  1.85  times  the  half 
length  of  the  line  representing  the  equator.  This  latter  construc- 
tion will  not  pass  exactly  through  the  terminal  points  of  the 
parallels  of  declination,  but  quite  near  enough  for  the  purposes  of 
the  map.  The  right  and  left  boundaries  thus  drawn  represent 
the  portions  of  the  equinoctial  add  solstitial  colures  included 
within  the  map.  Intermediate  declination  circles  may  be  easily 
inserted ;  if  for  each  hour  of  right  ascension  as  in  the  polar  map, 
the  equator  and  each  parallel  of  latitude  will  be  divided  into 
sixths,  and  the  curves  drawn  by  the  eye. 

Fig.  2  was  drawn  on  the  above  plan  with  the  length  six  inches 
for  the  two  lines  first  drawn,  and  has  been  somewhat  reduced  in 
printing.  The  double  size,  12  inches,  is  advised  for  practical  use, 
corresponding  with  that  of  the  polar  map,  and  requiring  paper 
somewhat  over  12  inches  square,  according  to  the  margin  de- 
sired. The  declination  circles  for  the  Oh,  Ih,  Vh  and  Vlh  were 
drawn  virith  dividers  as  arcs  of  circles,  those  for  Ilh  and  lYh  were 
drawn  by  hand  through  the  points  of  intersection  of  the  several 
parallels  of  declination,  each  one-third  the  length  of  the  parallel 
from  the  central  vertical  line.  The  numbering  of  the  declination 
circles  should  be  from  right  to  left  as  in  the  figure,  since  right  as- 
censions are  reckoned  toward  the  east,  which  is  at  the  left  when 
the  observer  faces  the  south. 

The  reader  familiar  with  trigonometry  will  understand  that  the 
lengths  of  the  several  parallels  of  declination  equal  the  length  of 
the  line  representing  the  portion  of  the  equator  multiplied  by  the 
cosine  of  the  declination.  The  curves  representing  the  declination 
circles  should  strictly  be  arcs  of  ellipses,  but  if  drawn  as  arcs  of 
circles  the  error  introduced  is  too  slight  to  be  noticed  for  the  pur- 
pose at  hand. 

It  will  be  well  to  give  the  lengths  of  the  several  parallels  of  dec- 
lination in  the  form  of  a  table.  They  are  calculated  on  the  sup- 
position that  the  line  representing  the  portion  of  the  equator 
included  in  the  map  is  twelve  inches  in  length,  that  is  six  inches 
on  either  side  of  the  vertical  line.  One-half  of  the  given  values 
represents  the  length  on  either  side  of  the  vertical  line,  and  one- 
sixth  represents  the  distance  between  the  declination  circles  drawn 
one  hour  apart. 
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Table  abowing  tbe  lengtb  oftbe  lines  representing  the  parallels  of  declination, 
their  half-ltngtb,  and  one-sixth  tbeir  lengthy  assuming  a  scale  of  12  inches 
for  the  equator  represented : 


Declination. 

Length. 

One-half 

One-sixth 

length 

length. 

o 

in. 

in 

in 

5 

11.96 

6.98 

1.99 

10 

11.82 

6.91 

1.97 

16 

11.69 

6.80 

1.93 

20 

11.28 

6.64 

1.88 

26 

10.87 

6.44 

1.81 

30 

10.39 

6.20 

1.73 

36 

9.83 

4.91 

1.64 

40 

9.19 

4.60 

1.53 

46 

8.48 

4.24 

1.41 

In  the  above  table  the  fractions  of  an  inch  are  expressed  deci- 
mally, but  if  any  one  has  an  ordinary  scale  in  which  the  fractions 
are  in  sixteenths  of  an  inch,  the  above  decimals  can  be  turned 
into  sixteenths  before  using. 

The  use  of  the  equatorial  map  is  precisely  the  same  as  that  of 
the  polar  map.  Four  skeleton  maps  are  to  be  prepared,  one  for 
each  of  the  four  divisions  of  the  sky.  If  the  work  of  preparing 
these  outline  maps  seems  too  great,  two  may  be  made,  viV.,  the 
polar  and  one  equatorial,  and  a  test  made  of  their  advantages  in 
constellation  study  before  the  others  are  drawn. 

A  necessary  adjunct  to  the  outline  maps  is  a  list  of  stars  to  be 
inserted  with  their  right  ascensions  and  declinations.  In  the  fol- 
lowing articles  of  this  series  the  positions  of  the  leading  stars  in 
each  constellation  will  be  given.  In  order  to  make  the  plotting 
of  the  stars  aid  the  memory  in  retaining  the  configurations  it  is 
advisable  not  to  plot  them  until  the  constellation  group  is 
learned,  and  after  the  leading  stars  are  inserted  by  their  posi- 
tions, to  look  at  the  sky  again ;  if  any  other  stars  of  the  group 
seem  necessary  to  complete  the  characteristic  figure  of  the  group, 
these  may  then  be  inserted  by  their  relation  to  those  already 
charted. 

The  outline  maps  described  above  are  simplified  forms  of  two 
well  known  projections,  the  stereographic  for  the  polar  map  and 
the  orthographic  for  the  equatorial  map.  The  construction  of 
maps  on  the  strict  principles  of  these  projections  would  be  too 
difficult  and  quite  unnecessary  for  the  purpose  proposed.  These 
maps  do  not  differ  materially  from  those  used  in  Burritt's  Geog- 
raphy of  the  Heavens— a  star  atlas  which  did  much  good  service 
years  ago.  The  projections  are  not  of  sufficient  accuracy  for  use 
in  a  complete  atlas  of  all  stars  visible  to  the  eye,  but  for  the  pur- 
pose of  aiding  one  in  learning  the  groups,  they  are  all  that  the 
student  requires. 
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YARIABLB  STARS. 


J.  A.  PARKHUR8T. 


There  is  a  fascination  about  the  observation  of  variable  stars 
that  makes  the  subject  well  worth  the  attention  of  the  amateur. 
When  he  has  once  seen  such  a  star  play  hide  and  seek  with  its 
neighbors^osing  three  quarters  of  its  light  in  two  or  three  hours, 
or  perhaps  passing  from  naked  eye  visibility  down  beyond  the 
reach  of  his  telescope  of  three  or  four  inches  aperture  in  a  few 
months,  he  will  find  an  interest  in  the  subject  which  will  give  a 
new  zest  to  his  star  studies. 

There  is  an  analogy  between  variable  stars  and  planets.  The 
planet  attracts  our  attention  by  changing  its  place  among  the 
stars,  the  variable  star  interests  us  by  changing  the  amount  of 
light  which  it  sends  us.  There  are  several  hundred  of  such  ob- 
jects scattered  over  the  sky,  differing  among  themselves  in  many 
particulcu^.  Some  undergo  small  changes  of  light ;  others  send  us 
at  their  maximum  more  than  a  thottsand  times  as  much  light  as 
^t  their  minimum.  Some  pass  through  their  cycle  of  change  in 
a  few  hours,  others  require  more  than  a  year. 

What  is  the  cause  of  these  wonderful  phenomena?  The  ques- 
tion has  never  been  completely  answered,  though  some  progress 
has  been  made  in  the  past  few  years.  Still  the  question  is  mainly 
unanswered,  and  further  knowledge  must  be  founded  upon  more 
and  careful  observations.  Who  knows  what  other  important 
facts  may  be  brought  to  light  when  we  are  able  to  lift  the  veil 
which  shrouds  this  mystery  ? 

I  doubt  whether  there  is  another  field  in  astronomy  which 
offers  the  amateurs  so  good  a  chance  to  do  work  which  will  ma- 
terially increase  the  sum  of  human  knowledge.  The  veteran 
astronomer.  Dr.  B.  A.  Gould,  says  of  variable  stars,  ''The  attrac- 
tiveness and  interest  of  these  objects  are  great,  our  knowledge  of 
them  is  limited,  observations  of  them  are  comparatively  easy, 
while  the  field  for  discovery  is  evidently  very  large." 

Some  of  these  stars  may  be  observed  with  the  naked  eye,  as 
Algol  and  Mira  near  its  maximum.  Many  more  only  require  an 
opera  or  a  field  glass,  while  a  three-inch  telescope  will  suffice  for 
observing  the  maxima  of  nearly  all  the  known  variables  and  will 
follow  many  of  them  through  their  whole  period. 

To  quote  Professor  E.  C.  Pickering,  "Those  who  have  not 
tried  it  do  not  realize  the  growing  interest  in  a  systematic  re- 
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search,  and  the  satisfaction  in  feeling  that  by  one's  own  labors 
the  snm  of  human  knowledge  has  been  increased." 

I  shall  try  in  this  series  of  papers  to  interest  amateurs  by  giv- 
ing general  descriptions  of  the  various  classes  of  variables  and  to 
help  those  who  wish  to  take  up  the  work  by  giving  methods  of 
observing,  recording  and  reducing  the  observations,  ways  of 
avoiding  errors,  and,  as  far  as  possible,  answers  to  questions 
which  may  arise  in  the  course  of  the  work.  Aids  to  identifying 
the  variable  will  also  be  given  and  lists  of  stars  selected  suited  to 
the.  capacity  of  the  instruments  which  the  observers  possess.  I 
make  no  claim  to  originality  in  the  subject  matter  but  only  seek 
to  gather  and  arrange  the  information  needed  by  the  amateur. 

The  best  classification  of  variable  stars  seems  to  be  that  of 
Professor  E.  C.  Pickering  of  Harvard  College  Observatory.  It  is 
as  follows : 

"I.  Temporary  stars.  Examples:  Tycho  Brahe's  star  (in  Cas- 
siopeia) of  1572,  new  star  in  Corona  1866,  [also  the  new  star  in 
Auriga  of  1892]. 

'*II.  Stars  undergoing  great  variations  in  light  in  periods  of 
several  months  or  years.    Examples:  o  Ceti  (Mira)  and  x  Cygni. 

''  in.  Stars  undergoing  slight  changes  according  to  laws  as  yet 
unknown.    Examples:  a  Orionis  and  a  Cassiopeise. 

*•  IV.  Stars  whose  light  is  continually  changing,  but  the  changes 
are  repeated  with  great  regularity  in  a  period  not  exceeding  a  few 
days.    Examples :  /?  Lyrae  and  *  Cephei. 

"  V.  Stars  which  every  few  days  undergo  for  a  few  hours  a  re- 
markable  diminution  of  light,  this  phenomenon  recurring  with 
great  regularity.    Examples:  /?  Pei-sei  (Algol)  and  S  Cancri." 


It  will  be  noticed  that  there  are  three  points  of  difference  in  the 
above  classification : 

1  St.    Length  of  period . 

2nd.    Amount  of  variation. 

3rd.    Character  of  light  curves. 

Stars  of  the  class  I,  temporary  stars,  are  comparatively  rare, 
but  often  astonishing  in  the  rapidity  of  their  changes.  They  ap- 
pear unexpectedly,  attain  their  greatest  brilliancy  quickly,  and 
fade  away  slowly.  Tycho  Brahe's  star  was  the  brightest  exam- 
ple, being  visible  at  noonday.  The  new  star  in  Auriga  of  1892, 
has,  very  naturally,  been  the  most  careftilly  observed,  its  image 
being  found  impressed  on  photographic  plates  taken  at  Harvard 
College  Observatory  in  December,  1891,  about  two  months  be- 
fore its  discovery  was  announced  by  Anderson.    This  star  is  now 
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(Oct.  10th,  1893)  about  the  10th  magnitude  having  remained 
nearly  stationary  in  light  since  August,  1892. 

No  stars  of  this  class  have  been  known  to  become  visible  to  the 
naked  eye  for  the  second  time,  so  that  if  they  are  periodic  varia- 
bles, their  periods  are  very  long  or  very  irregular :  but  there  is  a 
vronderfal  variable,  U  Geminorum,  which  seems  to  form  a  con- 
necting link  between  the  first  and  second  classes.  This  star  usu- 
ally is  about  the  13th  magnitude,  but  occasionally  rises  in  a  day 
or  two  to  the  9th  magnitude  and  then  falls  more  slowly  to  its 
original  dimness.  It  repeats  these  curious  antics  in  irregular 
periods,  averaging  about  three  months.  This  leads  us  to  think 
that  the  **  temporary  stars"  may  be  doing  the  same  thing  on  a 
laiTS^  scale  and  with  longer  periods.  The  readers  of  Popular 
Astronomy  will  do  well  to  keep  watch  of  these  stars.  Directions 
for  finding  them  will  be  given  in  a  subsequent  paper. 
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A  large  part  of  the  variables  whose  periods  are  known  belong 
to  class  II.  Dr.  S.  C.  Chandler's  Second  Catalogue  of  Variable 
Stars  {Astronomical Journal^  No.  300),  gives  260  known  varia- 
bles. Of  this  number  166  have  periods  of  more  than  50  days, 
and  only  36  less  than  60  days,  or  81%  of  the  variables  of  known 
period  belong  to  class  II.  The  attention  of  amateurs  is  especi- 
ally called  to  this  class  of  stars,  since  observations  of  them  are 
beset  vdth  less  difficulty  than  those  of  classes  III,  IV  and  V, 
while  they  are  more  interesting  than  class  I.  The  length  of 
period  of  stars  of  this  class  varies  from  50  days  to  about  2  years, 
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but  the  periods  are  by  no  means  evenly  distributed  over  this  in- 
terval, the  greatest  number  having  periods  of  a  little  less  than  a 
year.  Fig.  1  will  represent  this  distribution  to  the  eye.  The 
periods  were  divided  into  groups  of  from  50  to  100  days,  100  to 
150,  etc.,  and  a  count  was  made  of  the  number  of  stars  in  each 
group.  The  horizontal  line  represents  period  in  days,  the  verti- 
cal line  the  proportional  number  of  stars. 

The  range  in  brightness  between  the  maxima  and  minima  of 
these  stars  differs  widely,  but  on  the  average  they  are  about  five 
magnitudes  brighter  at  maximum  than  at  minimum.  This 
means  that  at  their  brightest  they  send  us  100  times  as  much 
light  as  at  their  faintest.  (What  if  our  Sun  should  act  in  that 
way !)  But  a  much  greater  range  is  not  uncommon,  for  instance 
X  Cygni  is  at  some  times  7,000  times  as  bright  as  at  others. 

Classes  III  and  IV  have  less  interest  for  amateurs  on  account  of 
the   difficulties  attending   their   observation,   but  class   V,  the 
"Algol  stars,*'  arrests  our  attention  at  once.    Algol  itself  is  the 
best  example  of  the  class  and  a  descrip- 
tion will  be  of  interest.    It  is  in  the  con- 
stellation Perseus  which  will  be  found 
high  in  the  northeast  at  9  o'clock  on 
November  evenings.   The  accompanying 
sketch,  Fig.  2,  will  enable  the  beginner 
to  identify  it.    The  stars  are  of  the  2d  [ 
and  3rd  magnitudes.    Face  the  north- 
east and  hold  the  sketch  nearly  over- 
head, with  the  arrow  in  the  direction 
of  the  North  Star.    The  distance  be- 
tween the  star  marked  a  and  Algol  is  I 
about  10®,  (twice  the  distance  apart  of  | 
the  "  Pointers  ").    A  table  headed  "  Min- 
ima of  Variable  Stars  of  the  Algol  Type" 

given  in  each  number  of  Popular  Astronomy.  From  this  table 
we  Icam  that  a  minimum  of  Algol  will  occur  about  11  p.  m.  Nov. 
32d,  and  8  p.  m.  Nov.  25th.  Let  us  begin  our  observations  on 
one  of  these  evenings  three  or  four  hours  before  the  time  indi- 
cated. We  will  find  Algol  nearly  as  bright  as  «,  and  much 
brighter  than  *  or  p.  As  the  evening  passes  on  we  will  find  Algol 
fainter  till  it  finally  is  less  than  6  and  not  much  brighter  than  p. 
As  the  hour  for  the  minimum  passes  it  will  grow  brighter  till  it 
attains  its  usual  magnitude  three  or  four  hours  after  the  indi- 
cated time.  For  the  rest  of  the  2  days  and  20  hours  its  light 
remains  unchanged.    No  wonder  such  strange  behavior  gave  it 
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the  name  Algol,  the  demon.  It  was  long  ago  surmised,  and  the 
spectroscope  has  lately  proved  that  this  diminution  of  light  is 
caused  by  partial  eclipses  of  the  principal  star  by  a  close,  darker 
companion,  the  two  revolving  around  their  common  center  of 
gravity  in  2  days,  20  hours,  49  minutes. 

Any  amateur  who  once  observes  a  minimum  of  Algol  will  want 
to  do  more  in  this  interesting  field.  To  aid  in  this  work  I  will 
give  in  my  next  paper  the  means  used  for  designating  the  varia- 
bles, the  methods  of  observing  and  recording  the  observations, 
and  helps  to  identify  the  stars. 

Let  any  reader  who  wishes  to  engage  in  this  work  communi- 
cate with  me  either  directly  or  through  the  editor,  giving  descrip- 
tion of  the  instruments  he  possesses,  and  what  experience  he  has 
had  with  them,  also  what  star-charts  or  catalogues  he  has,  and 
telling  whether  he  can  find  an  object  whose  right  ascension  and 
declination  are  given. 

Marbngo  Obsbrvatosy,  Marengo,  111., 
1893,  Oct.  20. 


THE  DISTANCES  OP  THE  STARS. 


WM.W.  PAYNB. 


When  any  person  untaught  in  astronomy  is  told  that  the 
manj'  stars  he  sees,  on  any  clear  and  moonless  night,  are  suns, 
like  our  own,  scattered  through  space,  the  next  question  likely  to 
be  asked  is,  How  far  are  the  stars  away?  Though  scholars  have 
thot^ht  on  this  question  for  centuries,  astronomy  cannot  answer 
it  very  well,  chiefly  because  the  instruments  now  in  use  are  too 
coarse  to  make  the  measures  needed  to  determine  accurately  the 
very  small  quantities  that  enter  into  the  computation  of  the  star 
distances.  This  is  not  so  in  regard  to  the  dimensions  of  the  solar 
system ;  great  as  they  are,  the  distances  of  the  planets  from  the 
Sun  are  known  quite  accurately,  even  in  terrestrial  units,  as  miles, 
and  our  knowledge  extends  to  much  in  detail  about  their  si^esi 
masses,  densities  and  other  physical  qualities ;  but  when  we  try 
to  sound  the  star  depths  of  the  universe  far  beyond  the  planet 
realm,  veith  any  measuring  line  now  known  to  science,  the  task 
at  Jonce  becomes  enormously  great.  It  will  however  be  profit- 
able to  give  a  brief  outline  of  the  efforts  that  have  been  put  forth 
to  solve  it,  in  order  to  know  how  hard  the  problem  is,  and  to 
learn  what  views  astronomers  now  hold  in  regard  to  the  dis- 
tances of  the  stars. 
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As  early  as  1610  Tycho  Brahe  refused  to  accept  the  Copemican 
theory  because,  with  fine  instruments,  he  could  not  observe  an 
annual  change  in  the  relative  places  of  the  stars  which  should 
appear  if  that  theory  was  true.  He  thought  his  measures 
were  correct  to  a  third  of  a  second  of  arc,  but  we  now  know  that 
his  probable  error  in  star  places  was  nearly  200  times  greater 
than  he  supposed.  He  reasoned  well,  but  his  instruments  misled 
him. 

Galileo  favored  the  Copemican  theory  and  suggested  the  ob- 
servation of  stars  near  together  to  decide  whether  or  not  relative 
change  of  places  do  occur  annually.  But  Sir  William  Herschel, 
whose  astronomical  work  was  done  between  the  years  1768  and 
1822,  was  the  first  to  give  anything  like  a  rational  idea  of  the  ex- 
tent of  the  starry  universe.  The  question  of  its  magnitude 
seemed  to  be  almost  constantly  in  his  mind,  and  it  is  certain  that 
he  tried  all  means  of  observation  he  knew  most  assiduously  to 
obtain  some  direct  answer  to  it,  but  without  success.  Failing  in 
his  favorite  way  of  study,  he  sought  to  gain  some  general  idea  of 
the  scale  on  which  the  universe  is  built  by  indirect  reasoning.  An 
example  of  this  is,  his  use  of  the  law  of  distance  as  related  to  stellar 
brightness.  He  knew  that  if  any  one  of  the  brightest  stars  were 
removed  from  us  into  space  ten  times  its  present  distance,  it  would 
barely  be  seen  by  the  naked  eye.  If  the  same  star  were  removed 
100  times  as  far  away  as  at  first,  it  could  still  be  seen  in  a  small 
telescope :  but  if  carried  1,000  times  its  original  distance,  then 
only  the  great  telescopes  of  the  world  could  reach  it,  because  so 
far  away  and  so  very  faint.  From  such  facts  as  these  Herschel 
reasoned  that  the  brightest  stars  as  a  class  are  nearer  to  us,  and 
that  the  fainter  stars  as  a  class  are  farther  away,  and  that  these 
faint  stars  may  be  1,000  times  more  distant  than  the  bright  ones 
called  the  first  magnitude.  While  this  asssumption  of  distance 
and  varying  brightness  is  reasonable  for  classes  of  stars,  Herschel 
knew  that  it  would  not  necessarily  hold  good  when  applied  to 
single  stars,  for,  if  true,  it  would  follow  that  all  stars  must  be 
equal  in  size,  or  light-giving  power,  or  both,  and  such  knowl- 
edge no  one  could  then  affirm.  This  was  as  far  as  indirect  reason- 
ing would  lead  one  of  the  most  able  and  earnest  thinkers  of  his 
times,  and  so  the  problem  of  individual  star  distances  remained 
unsolved  for  many  years  after  his  death. 

About  the  year  1839  the  distinguished  Bessd  turned  his  atten- 
tion to  the  problem  of  stellar  distances,  by  the  aid  of  a  new  instru- 
ment called  the  heliometer  which  was  designed  to  measure  very 
small  angles.    This  instrument  difiers  from  an  ordinary  telescope 
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in  haYiDg  its  object-glass  cat  into  halves,  and  so  arranged  in  the 
tube  that  one-half  is  fixed  and  the  other  has  motion  in  a  line 
perpendicular  to  the  axis  of  the  telescope.  By  this  device*  and 
the  apparatus  connected  v^ith  it,  the  observer  can  measure  very 
accurately  the  distance  between  two  stars  in  the  same  field  of 
view  in  the  telescope.  It  is  to  Bessel  that  we  are  to  give  the  im- 
perishable honor  of  first  proving  unmistakably  that  the  distance 
of  a  star  is  a  measurable  quantity.  The  manner  in  which  this 
result  was  secured,  as  well  as  a  description  of  some  other  later 
methods  will  be  given,  soon,  in  an  illustrated  article  concerning 
distance  and  parallax.t 

We  are  now  more  concerned  in  trying  to  show  just  what  has 
been  done  during  the  present  century  in  finding  the  distances  of 
the  stars.  For  this  purpose  we  have  copied  portions  of  a  draw- 
ing which  accompanies  an  excellent  article  by  Mr.  A.  C.  Ranyard 
**On  the  Distances  of  the  Fixed  Stars,"  found  in  Kaowledge(Bng' 
lish)  for  February,  1890.  We  have  omitted  from  the  plate  (which 
is  the  frontispiece  to  this  number),  the  names  of  the  observers, 
dates,  and  parallaxes  obtained  by  each,  and  reduced  the  original 
about  one-half,  our  object  being  to  show,  at  a  glance,  nearly  all 
the  stars  whose  parallaxes  have  been  studied  during  the  present 
century,  and  to  indicate  their  distances  from  the  Sun  and  the  de- 
gree of  certainty  of  present  knowledge  concerning  the  same. 

Our  Sun  is  supposed  to  be  in  the  center  of  the  figure.  One- 
tenth  of  the  distance  from  the  center  to  the  circumference  in  any 
direction  represents  the  distance  of  stars  whose  parallax  is  one 
second  of  arc ;  two-tenths,  stars  having  a  parallax  of  half  a  sec- 
ond, and  so  on.  For  stars  on  the  circumference  the  distance 
would  correspond  to  a  parallax  of  one-tenth  of  a  second,  and,  in 
some  cases,  to  what  is  called  negative  parallax,  which  is  about 
equivalent  to  saying  that  the  observer's  work  in  such  cases  was 
unsatisfactory.  If  a  star  has  a  parallax  of  one  f^nd  of  arc 
(none  known  is  so  great  as  that)  its  distance  is^Gu^OOg  times  as 
great  as  that  of  the  Earth  from  the  Sun,  or  nearly]['&HS«8K3M  of 
miles.  It  would  take  light  traveling  at  the  rate  of  186,0o0  miles 
per  second  3.26  years  to  reach  us  from  a  star  at  such  a  distance. 
A  convenient  unit  of  measure  for  star  distances  is  the  light-year, 
or  the  distance  that  light  travels  in  one  year,  and  this  mode  of 
estimate  is  now  commonly  used.  From  statements  already 
made,  it  is  easy  for  any  one  to  find  the  distance  of  any  star  in 
light-years  on  the  plate,  by  the  following  simple  formula: 

*  An  illustration  of  tlie  diyided  glass,  and  a  description  of  the  way  it  is  used 
may  be  found  in  Yoang's  General  Aatronomy,  ^rngt  677.  /Ti^*/-'  . 
t  YottBg'8  General  Astronomx,  p&gt  4^1.  ^ajia  v*  •  , 
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Light-years  = 


3.26 


p  meaning  the  parallax  in  seconds  of  arc.    If  the  star  is  on  the 
circumference  of  the  circle, 

Light-years  =  |^  =  32.6. 


270 


Distances  of  29  Stabs  Obtained  by  the  Aid  op  Photography  by 
Professor  Pritchard. 

The  following  table  will  be  plain  if  we  say  the  first  column  is 
tenths  of  distance  from  the  center  to  the  circumference,  second 
column  is  parallax  corresponding  to  adjacent  tenths  of  radius, 
and  last  column  is  light-years : 


Tenths. 

P" 

L.-Y. 

Tenths. 

P'' 

L.-Y. 

.1 

1.00 

3.26 

.6 

0.16 

19.66 

.2 

0.60 

6.62 

.7 

0.14 

22.82 

.3 

0.33 

9.78 

.8 

0.12 

26.08 

.4 

0.25 

13  04 

.9 

0.11 

29.34 

.5 

0.20 

16.30 

1.0 

0.10 

32.60 
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If  this  table  were  extended  to  include  faint  stars,  the  remote 
ones  are  probably  so  far  away  that  the  journey  of  their  light  in 
reaching  us  would  require  many  thousands  of  years. 

Another  impressive  feature  of  the  plate,  of  a  different  kind,  is 
the  uncertainty  of  our  knowledge  of  the  distances  of  the  stars 
represented.  This  is  shown  by  the  varjring  lengths  of  the  radial 
lines  drawn  through  the  stars.  These  lines  are  intended  to  con- 
nect points  which  represent  respectively  the  different  distances 
found  by  different  observers.  The  places  given  to  the  stars  on  the 
radial  lines  are  the  most  probable  mean  values  of  all  the  observa- 
tions.* 

The  uncertainty  in  value  in  these  results  arises  in  part  from  the 
fact  that  observers  are  trying  to  measure  quantities  smaller  than 
they  can  see.  Professor  Young's  illustration  is  an  apt  one.  Sup- 
pose Polaris  has  a  parallax  of  C^.OS,  with  an  error  of  observa- 
tion amounting  to  ^  ot  a  second  (which  is  a  favorable  assump- 
tion for  the  observer),  that  error  would  be  one-fourth  of  the 
whole  value,  and  to  determine  it  would  be  like  trying  to  measure 
^f  of  an  inch  at  a  distance  of  ten  miles.  Such  an  attempt  by  any 
methods  of  measurement  now  known  to  us  would  be  next  to  im- 
possible. This  point  will  be  enlarged  upon  in  the  paper  to  follow 
already  referred  to. 

The  accompanjring  figure  is  an  illustration  of  the  distance  of 
29  stars  obtained  by  the  aid  of  photography  by  the  late  Rev. 
Chas.  Pritchard  at  Oxford  University  Observatory,  England,  dur- 
ing the  years  1887—1890,  and  published  in  the  Vierteljahrsscbrifib 
der  Astroaomiscben  Gesellscbaft  (German),  1893,  p.  117.  This  is 
some  of  the  latest  published  work  we  know  of  by  this  method. 
The  figure  is  on  the  same  plan  as  that  of  the  frontispiece  and  the 
distances  of  its  stars  may  be  determined  in  the  same  way. 


JUPITER  AT  OPPOSITION.    A  NAKBD-BYB  STUDY. 


BLIZ\   A.  BOWBN. 


The  opposition  of  Jupiter  or  Saturn  gives  an  opportunity  to 
make  our  acquaintance  with  a  superior  planet's  motions  a  gen- 
uine study  of  nature.  It  is  important  to  teachers  to  know  how 
this  may  be  done,  but  also  to  all  persons  who  have  only  a  book 
knowledge  of  astronomy. 

*  For  the  right  ascension,  declination,  parallax,  dates, instruments,  observers* 
etc.,  of  all  these  stars,  amoanting  in  all  to  over  70.  see  a  useful  table  by  Mr.  Her- 
bert Sadler,  Knowledge,  February,  1890,  page  63. 
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The  opposition  of  Jupiter  comes  on  November  18,  1893,  and  I 
propose  in  this  paper  to  give  a  plan  for  observation  study. 

The  **  opposition"  of  Jupiter  means  that  Jupiter  and  the  Sun 
are  seen  by  us  against  opposite  points  of  the  heavens,  points 
180*^  apart  on  the  celestial  sphere,  and  the  proper  object  of  the 
observer  is  first  to  have  as  much  testimony  of  his  own  eyes  as  is 
possible,  to  the  truth  of  this  statement.  Both  the  Earth  and 
Jupiter  are  moving,  and  the  exact  instant  of  opposition  does  not 
come  at  sunset,  but  the  movement  is  so  slow  that  the  situation  is 
little  altered  for  a  day  or  two  to  an  observer  without  measuring 
instruments.  At  sunset  we  can  see  the  point  of  the  celestial  hori- 
zon 180*^  from  the  Sun,  and  Jupiter  is  just  above  it,  and  very 
soon,  as  light  lessens,  we  see  Jupiter  against,  or  in,  the  constella- 
tion Taurus. 

The  observer  should  answer  the  following  questions : 

Did  the  Sun  set  north  or  south  of  the  west  point  of  the  horizon  ?  How  many 
degrees  separate  the  east  and  west  points  of  the  horizon  ?  If  the  Sun  has  set 
south  of  the  west  point,  would  a  point  180^  from  the  Sun  at  sunset  be  north  or 
south  of  the  east  point  of  the  horizon  ?  Is  Jupiter  north  of  the  east  point  ?  Does 
what  jon  see  go  to  confirm  orto  disproTe  the  statement  that  Jupiter  is  180^  from 
the  Sun  ?  Do  the  three  bodies,  the  Sun»  the  Barth  and  Jupiter  appear  to  be  In  a 
straight  line  ?  Which  is  in  the  middle  ?  Which  is  nearer  to  the  Sun,  the  Earth,  or 
Jupiter  ? 

The  Earth  is  not  exactly  on  a  straight  line  extending  through 
the  centres  of  the  Sun  and  Jupiter,  but  is  only  so  near  it  that  we 
say  practically  that  the  Earth  at  opposition  crosses  the  line  be- 
tween Jupiter  and  the  Sun.  A  line  through  the  centres  of  Earth 
and  Sun  would,  if  extended,  pass  through  the  circle  of  the  ecliptic 
on  the  celestial  sphere.  It  is  easy  to  see  that  Jupiter  is  not  on 
that  circle,  but  very  near  it. 

At  midnight  the  observer  can  again  test  the  statement  that  the 
Earth  is  crossing  a  line  between  the  centres  of  Jupiter  and  the 
Sun.    He  should  answer  these  questions : 

Is  the  Sun  now  north  or  south  of  the  Earth's  equator  ?  When  the  Sun  is  on 
the  meridian  below  the  horizon,  would  a  point  of  that  meridian  180^  from  the 
Sun  be  north  or  south  of  the  Earth's  equator  and  the  equator  of  the  heavens  ? 
Does  Jupiter  appear  to  be  in  that  position  ? 

Our  knowledge  of  the  chief  motion  of  Jupiter  is  based  on  seeing 
the  planet  when  we  cross  the  line  between  it  and  the  Sun.  I  will 
show  how  it  leads  us  to  certain  conclusions.  What  I  say  will  be 
worthless  unless  it  is  followed  step  by  step  by  observation. 

It  is  now  desirable  for  the  observer  to  go  out  again  at  sunset, 
and  as  the  situation  changes  so  slowly,  the  evening  of  November 
19  will  do. 
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There  appears  to  be  a  ^eat  sphere  or  dome  above  tis  and  the 
Sun  seems  to  be  on  one  side  of  it,  but  this  is  merely  the  result  of 
perspective,  and  we  must  try  to  get  rid  of  this  idea.  We  must 
think  of  the  Sun  as  being  the  centre  of  the  heavens  (for  us).  The 
stars  on  all  sides  of  the  Sun  are  at  an  immense  distance  from 
him. 

At  every  sunset,  the  path  which  the  Earth  has  traveled  for  the 
previous  six  months  in  revplving  round  the  Sun,  lies  in  the  space 
above  us.  In  November,  the  Sun  at  sunset  lies  southwest  of  us, 
and  if  we  imagine  a  line  beginning  far  southwest  of  the  Sun  and 
coming  in  a  great  semi-circle  northwest  of  the  Sun  and  passing 
down  through  the  centre  of  the  Earth,  it  would  represent,  with 
sufficient  accuracy  for  our  purpose,  the  path  which  the  Earth's 
centre  has  traveled  for  six  months.  Last  May,  the  Earth  was  on 
the  southwestern  end  of  that  semi-circle,  and  durine  last  Tune, 
July,  August,  September,  October,  she  has  traveled  northeast 
round  that  path,  and  now  she  has  brought  us  to  the  northeast 
end  of  the  semi-circle. 

This  path  could  be  more  definitely  represented  if  we  could  see 
the  stars  at  sunset,  but  they  are  there.  Scorpio  is  southwest  of 
the  Sun  on  the  celestial  horizon,  but  far  beyond  the  Sun.  Coming 
northeast,  there  are  Sagittarius,  Capricomns,  Aquarius,  Pisces, 
Aries,  and  finally  Taurus,  which  lies  northeast  of  us. 

The  student  must  now  stop  until  dark,  and  just  as  soon  as  the 
stars  come  out,  look  at  these  constellations.  Taurus  is  now 
above,  not  on,  the  horizon,  and  the  Sun  and  Scorpio  are  below  the 
western  horizon  but  the  change  is  not  great.  The  line  across  the 
base  of  that  semi-circle  is,  on  the  west,  inclined  a  very  little 
downward,  but  you  can  imagine  it. 

Let  us  add  that  every  year,  from  May  to  November,  the  Earth's 
centre  travels  round  this  semi-circle.  The  corresponding  semi* 
circle,  which  is  the  Earth's  path  from  November  to  May,  lies  lie- 
low  the  horizon  at  sunset. 

If  the  reader  has  this  semi-circle  round  the  Sun  well  fixed  in  his 
imagination  when,  just  at  dark,  he  looks  at  Jupiter  and  the 
stars,  he  is  prepared  to  understand  some  facts  that  I  will  de- 
scribe,  seen  by  myself  and  other  eyewitnessess  when  the  Earth 
was  traveling  eastward  on  that  path  in  the  years  1888,  1889, 
1890, 1891, 1892. 

In  May,  1888,  the  Earth  was  on  the  other  side  of  the  Sun,  be- 
ginning her  six  months'  ioume^  round  that  semi-circle,  and  on 
May  22,  she  crossed  the  line  joining  Jupiter  and  the  Sun,  and  I 
and  all  other  eyewitnesses  saw  Jupiter  in  Scorpio,  just  as  you 
now  see  the  planet  in  Taurus.  Jupiter  was  then  as  now  on  our 
right  when  we  face  north,  for  we  have  unconsciouslv  been  turned 
upside  down  since  then,  in  consequence  of  the  Earth's  revolution 
round  the  Sun.  After  crossing  that  line,  the  Earth  continued  her 
journey  round  the  semi-circle  and,  finally,  round  the  other  semi- 
circle now  below  the  horizon. 
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Finally  in  May,  1889,  she  again  began  to  travel  round  the 
semi-circle  now  above  us  and  on  June  25, 1889,  the  Earth  again 
crossed  a  line  extending  from  Jupiter  to  the  Sun  and  I  and  the 
other  eyewitnesses  saw  Jupiter  in  the  constellation  Sagittarius. 
Then  the  Earth  continued  her  journey  round  the  Sun. 

Again  in  May,  1890,  she  entered  on  the  semi-circle  above  us  and 
on  July  30, 1890,  she  again  crossed  a  line  extending  from  Jupiter 
to  the  Sun.  I  and  the  other  eyewitnesses  saw  Jupiter  near  the 
western  boundary  of  Aquarius.  After  that  the  Earth  made  an- 
other revolution  round  the  Sun  on  these  semi-circles. 

Next,  in  May,  1891,  the  Earth  began  her  journey  on  the  semi- 
circle above  us  and  as  she  traveled  round,  on  September  5,  she 
crossed  a  line  joining  the  centres  of  Jupiter  and  the  Sun.  We 
then  saw  Jupiter  in  Pisces.  After  that,  the  Earth  completed  her 
revolution  round  the  Sun. 

In  May,  1892,  the  Earth  again  began  her  path  round  the  semi- 
circle above  us,  and  on  October  12,  1892,  she  crossed  a  line  ex, 
tending  from  Jupiter  to  the  Sun.  I  and  other  eyewitnesses  saw 
Jupiter  in  or  against  Aries.  Then  the  Earth  finished  her  revolu- 
tion. 

Finally,  last  May,  the  Earth  began  her  last  journey  round  the 
semi-circh  (until  1894)  and  as  vou  know,  and  can  partly  see  for 
yourself,  on  November  18,  the  Earth  again  crosses  a  line  extend- 
ing from  Jupiter  to  the  Sun.  This  is  six  years  and  nearly  six 
months  since  I  saw  Jupiter  in  Scorpio  at  the  planet's  opposition 
of  1888.  This  sixth  revolution  of  the  Earth  will  not  be  com- 
pleted until  next  May.* 

It  is  only  when  we  are  crossing  the  line  between  Jupiter  and  the 
Sun,  that  we  see  the  {)lanet  where  it  would  be  seen  by  an  ob- 
server at  the  Sun.  Point  in  succession  to  all  the  constellations 
named,  and  answer  the  following  questions  : 

If  Japiter  was  wtn  successively  ap^ainst,  or  in.  those  star  groups,  would  a 
motion  of  Japiter  account  for  those  chan>;es  of  position  ?  Does  Jupiter  move  on 
a  carverl  or  a  straight  line?  Does  Jupiter  move  eastward  or  westward?  Do 
Jupiter  and  the  Earth  move  in  the  same  or  in  contrarv  directions  ?  Around  what 
centre  does  Jupiter  revolve?  Is  the  path  or  orbit  of  Jupiter  within  or  without 
the  Earth's  orbit?  How  lon^  does  it  take  the  Earth  to  tnivel  round  this  semi- 
circle? How  longr  has  it  taken  JufMter?  The  Earth  on  Novemlier  18  is  crossinj^ 
a  line  extending  from  the  Sun  through  Jupiter  to  Taurus,  can  you  (roturhly)  esti- 
mate how  long  it  will  take  Jupiter  to  revolve  round  t*'e  Sun  and  again  reach  the 
line  it  is  on  at  the  precise  moment  of  opposition  ?  This  is  a  sidereal  revolution 
of  Jupiter.  What  traction  of  a  sidereal  revolution  has  [upiter  made  since  May 
22,  1888?  How  many  oppositions  have  been  seen  since?  From  one  opposition 
to  the  next  is  called  a  synodical  period.  How  many  synodical  periods  (or  revo- 
lutions) have  taken  place  while  Jupiter  has  revolveJ  half  way  round  the  Sun  ? 

*  Perhaps  some  teachers  will  think  that  a  diagram  would  aid  in  making  this 
clear.  For  ii  teacher  who  gives  an  oral  lesson  on  it,  pointing  to  the  constellations 
and  revolving  the  finger  in  a  circle,  there  will  be  no  need  whatever  of  a  diagram 
to  make  it  clear.  If  students  see  a  diau:ram  first  they  will  always,  whenever  they 
think  of  the  subject,  sec  with  their  "mind's  eye"  a  diagram  and  not  objects  in 
nature. 

Of  course  the  Earth*8  path  is  an  ellipse,  not  a  circle;  but  it  is  an  ellipse  which 
cannot  be  distinguished  from  a  circle  except  by  accurate  measurement.  The  im- 
agination ot  ordinary  students  more  easily  represents  a  semi-circle  in  nature  than 
half  of  an  ellipse. 

TO  BE  CONTINUBD. 


Digitized  by 


Google 


The  Face  of  tbc  Skv.  137 


THE  FACE  OF  THE  SKY. 


CHARLOTTE  R.  WILLARD 


The  preaent  season  affords  sights  of  rare  beauty  to  the  naked-eye  olraerver  of 
the  heavens.  As  soon  as  twilight  conies  on  Venus  is  seen  in  the  west,  while  Jupi- 
ter is  well  up  in  the  east ;  because  of  their  surpassing  brilliancy  these  two  planets 
are  unmistakable.  To  one  unfamiliar  with  the  heavens,  this  is  perhaps  the  best 
time  of  year  for  beginning  study,  as  the  evenings  are  now  lone  and  the  most  strik- 
ing constellations  of  the  northon  hemisphere  pass  before  us  between  the  hours  of 
seven  and  ten.  Much  can  be  gained  by  any  one  who  without  chart  or  guide  will 
observe  the  stars  and  their  varying;  positions  duriuK  the  hours  named — perhaps 
such  unaided  work  is  the  best  possible  preparation  ior  the  later  use  of  charts  and 
other  hel]M. 

We  win  make  a  brief  statement  of  the  heavens  as  they  will  appear  in  our  lati- 
tude (44^  N.)  on  the  evening  of  December  first. 

Pacing  the  north  the  Bf^  Dipfier  is  seen  with  its  base  no  longer  parallel  to  the 
horizon,  but  having  moved  so  far  in  its  inrogress  around  the  pole  that  the  extreme 
star  in  the  handle  is  now  near  the  horizon.  Cassiopeia  is  seen  iust  crossing  the 
meridian  and  only  fifteen  degrees  from  the  zenith ;  while  the  Little  Dipper  lies  be- 
tween these  two  constdlations  and  to  the  west,  having  its  bowl  perpendicular  to 
the  horizon.  Two  first  magnitude  stars  are  visible  in  tne  west;  the  more  northern 
of  these  is  Vega  which  locates  for  us  Lyra;  the  other  star  is  Alt  air  {a  AqniUe). 
Southeast  of  Vega  is  a  noticeable  |[ronp  of  four  stars  which  mark  the  constella- 
tion Cygnus:  these  stars  are  so  situated  that  thev  make  a  nearly  isosceles  tri- 
angle, havin)(  three  stars  in  the  base;  the  central  star  of  the  base  (y  Cygni)  is 
about  twenty-five  dqgrees  from  Vega;  if  the  line  from  the  star  at  the  ver- 
tex (a)  through  y  be  continue<l  for  about  twenty  degrees,  0  is  found;  this  star 
marks  the  head  of  Cygnus.  High  in  the  heavens  is  the  great  Square  of  Pegasus. 
The  Great  Nelrala  of  Androme£L  is  just  past  the  meridian 'and  very  near  the  ze- 
nith. To  the  east  we  find  the  familiar  group  Pleiades  followed  by  the  Hyades  (a 
V-shaped  group  of  five  stars  including  the  red  first  magnitude  star  Aldebaran). 
Still  farther  to  the  east  and  only  a  little  above  the  horizon  is  Orion ;  much  farther 
north  and  rising  at  the  same  time  with  Orion  is  the  zodiac  constellation  Gemini 
clearly  marked  hy  the  two  bright  stars  Castor  and  Pollux ;  Castor  rises  first,  the 
two  are  about  four  and  a  half  demes  apart.  The  first  magnitude  star  Capdla 
makes  a  nearly  equilateral  trianm  with  Pollux  and  Betelgcuse  (the  most  north- 
em  first  magnitude  star  of  Orion). 

The  evening  of  December  first  will  be  free  from  moon  light  and  if  perfectly 
dear  will  show  much  of  interest  in  the  Milky  Way,  although  the  presence  of  Ju- 
piter's light  will  be  a  disadvantage.  At  first  glance  there  may  seem  to  be  little  to 
notice  in  this  cloud-like  path  across  the  sky;  but  when  the  eye  becomes  ac- 
customed to  the  dim  light,  marvelous  changes  are  wrought  in  its  appearance.  Its 
apparent  extent  increases  as  one  is  able  to  detect  the  fainter  parts;  the  stu6j  of 
its  position  on  the  celestial  sphere  becomes  most  interesting;^  a  division  is  noticed 
from  Cygnus  down  to  the  western  horizon ;  a  question  arises  as  to  the  relative 
number  of  naked-e^e  stars  in  the  Milky  Way  ana  in  the  rest  of  the  heavens;  the 
parts  are  seen  tr»  difier  much  in  brightness,  possibly  suggesting  that  we  are  nearer 
to  some  parts  than  to  others ;  details  at  first  unsuspected  are  seen  as  the  eye  be- 
comes more  sensitive  and  can  detect  **the  fringes,  rifts,  vacuities,  rings,  spravs  and 
streams  of  stars"  in  countless  varietv;  the  dark,  seemingly  starless  vacuities  ex- 
cite wonder  and  conjecture;  the  borderland  of  the  Milk^  Wav  suggests  much. 

Probably  the  best  drawings  ever  made  of  the  Milky  Way  as  a  whole,  are 
those  of  Dr.  Boeddicker.  In  preparing  his  maps  Dr.  Boeddicker  took  his  observa- 
tions while  lying  on  the  ground  under  the  open  heavens;  af^  careful  study  of  a 
section,  the  drawings  were  made  from  memory. 

An  opera-glass  adds  greatly  to  ths  interest  of  Milky  Way  study :  it  resolves 
much  that  is  doud-like  to  the  naked  eye,  into  multitudes  of  deariy  shinins  stars. 

We  will  briefly  state  some  of  the  conclusions  which  have  been  reached  from  a 
study  of  the  Milky  Way. 

It  covers  more  than  one-tenth  of  tlie  visible  heavens. 

Tlie  central  line  of  the  Milky  Way  difiers  very  little  from  a  great  circle  of  the 
celestiaJ  sphere— a  fact  which  leads  to  the  conclusion  that  whatever  this  great 
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band  may  be,  whatever  its  wonderfbl  structure  and  relation  to  the  rest  of  thenni- 
verse,  onr  Barth  must  be  in  or  dose  to  its  central  plane. 

The  stars  visible  to  the  naked  eye  are  more  numerous  on  the  MilVy  Way  than 
elsewhere.  *'The  Milky  Way  is  made  up  almost  wholly  of  small  stars  from  the 
eighth  magnitude  down.  It  contains  also  a  large  number  of  star  clusters  but 
very  few  true  nebulae."— Professor  C.  A.  Young.  Professor  Pickering's  spectro- 
scopic work  seems  to  indicate  that  the  Milky  Way  forms  a  system  separate  ftrom 
the  rest  of  the  siderial  Universe. 

**  There  can  at  least  be  very  little  doubt  that  galactic  stars  are  in  general  fally 
the  equal  of  our  Sun  in  real  lustre."— Agnes  Gierke. 

"What  is  unmistakable  is  that  the  entire  formation  whether  single  or  com- 
pound, is  no  isolated  phenomenon.  All  the  contents  of  the  firmament  are  arranged 
with  reference  to  it.  It  is  a  large  part  of  a  larger  scheme  exceeding  the  compass 
of  finite  minds  to  grasp  in  its  entirety."— Agnes  Gierke. 


PLANET  NOTES  FOR  DECEMBER. 


H.  C.  WILSON. 


Mercury  will  be  morning  planet  during  December  and  will  be  visible  to  the 
unaided  eye  during  the  middle  of  the  montb.  One  must  look  toward  the  south- 
east about  an  hour  before  sanrise  in  order  to  see  it.  Mercury  will  be  at  greatest 
elongation,  west  from  the  Sun  21^  23^,  Dec.  14  at  noon. 

Venua  will  be  evening  planet  during  December  setting  in  the  southwest  be- 
tween seven  and  eight  p.  m.  Althou^  so  brilliant  to  the  tjt  it  will  not,  on 
account  of  its  low  altitude,  be  in  good  position  for  telescopic  observation  in 
northern  latitudes.  Venus  will  be  at  greatest  elongation,  east  from  the  Sun  47^ 
2^t  Dec.  6  at  3^  3B">  p.  m.  In  the  southern  hemisphere  this  will  be  a  very  favor- 
able opportunity  to  study  the  surface  markings  of  Venus  and  it  is  to  be  hoped 
that  Professor  W.  H.  Pickering  and  his  assistants  at  Aretquipa  will  be  able  to 
add  much  to  our  knowledge  of  this  subject  and  of  the  rotation  of  the  planet. 

Mars  will  be  morning  planet,  but  is  getting  farther  south  all  the  time  so  that 
its  position  will  be  unfavorable  for  nonliern  oliservers.  In  the  southern  hemi- 
sphere the  conditions  will  be  much  better.  There  will  be  quite  a  close  conjunc- 
tion of  Mars  and  Uranus  Dec.  6  at  4**  09"*  central  time,  when  the  former  will  be 
only  8^  north  of  the  latter.  Observers  in  Australia  and  Japan  should  be  able  to 
see  the  two  planets  in  the  same  field  of  view  of  the  telescope.  The  ruddy  color  of 
Mars  and  the  green  hue  of  Uranus  will  present  a  striking  contrast.  Eighteen 
hours  later  Mars  will  pass  close  to  the  wide  double  star  a  Librae,  the  compon- 
ents of  which  Webb  puts  as  third  magnitude,  pale  yellow,  and  sixth  magnitude 
light  grey.    Mais  will  i>ass  11'  north  of  the  brighter  star. 

Jupiter,  having  but  just  passed  opposition,  will  be  in  excellent  position  for  ob- 
servation during  December.  We  have  had  a  few  I'ood  views  of  the  planet  this 
year  when  much  of  fine  detail  was  seen  upon  the  suriace.  notably  a  lar^ e  number 
of  very  small  dark  red  spots.  The  "great  red  spot  **  was  seen  by  us  with  the  16- 
inch  telescope  on  the  night  of  Oct.  31.  Its  center  was  on  the  central  meridian  of 
Jupiter  at  ll**  31"*,  central  time,  as  near  as  we  could  estimate.  This  time  agrees 
dosdy  with  that  predicted  by  Mr.  Marth.  The  spot  was  seen  without  difiiculty 
although  the  color  was  quite  faint*  The  color  was  exactly  the  same  as  that  of 
the  belt  just  to  the  south  of  it  and  the  two  objects  merged  into  one  another  with- 
out the  slightest  change  in  intensity  of  color.  The  outline  of  the  spot  seems  to  be 
the  same  as  in  past  years,  except  as  stated  above,  that  its  southern  edge  is  merged 
into  the  belt.  There  seemed  to  be  two  white  clouds  over  thecentral  portions  of  the 
spot,  the  following  of  the  two  being  th^  larger.  We  give  among  the  tables  in  this 
number  a  portion  of  Marth's  ephenieris  of  the  spot  so  that  our  readers  may 
know  just  when  it  may  be  seen.  The  ap)>arent  diameter  of  Jupiter  during  Decem- 
ber diminishes  from  46^'  to  44^'.  His  brilliancy  will  be  greater  than  that  of  any 
other  object  in  the  evening  sky.  excepting  the  Moon,  so  that  none  can  mistake 
him.    His  course  is  slowljr  westward  in  Taui  us. 

Saturn  will  be  visible  in  the  morning,  but  at  a  low  altitude,  so  that  for  north- 
em  observers  there  will  be  no  satisfactory  observations.  Saturn  is  in  the  constel- 
lation Virgo  just  a  little  north  and  east  of  the  star  Spica.    The  planet  is  the 
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lirigliter  of  the  two.  The  rings  of  Satam  are  prettj  well  opened  now,  the  angle 
of  their  plane  to  the  line  of  sight  being  now  abont  12^,  and  increasing  to  14^  at 
the  end  of  December.  Satnm  and  tbe  Moon  will  be  in  conjunction  Dec.  3  at  Z^ 
20*  P.  M.  and  Dec  31  at  1^  41"^  a.  m.  Satnm  will  be  abont  3^  north  of  the  Moon 
in  both  instances. 

XhADUB  is  in  Libra  Tery  dose  to  the  star  a,  referred  to  above  in  the  note  on 
Mars.  At  6^  82*  on  the  morning  of  Dec  16,  Uranns  will  be  in  conjunction  with 
the  star,  onlj  S'  north.    The  conjunction  with  Mars  has  already  been  mentioned. 

Neptane  will  be  at  opposition  Dec  3  and  therefore  in  best  position  for  obser- 
vation during  December.  Its  motion  durinj^  the  month  will  be  63'  west  and  6' 
sooth.  The  position  Dec.  1  will  be  one  third  of  the  distance  on  a  straight  line 
from  f  to  s  Tauri.  A  photograph  taken  at  Goodsdl  Obseryatory,  Oct.  18, 
shows  no  star  as  bright  as  Neptune  within  1^  of  this  position. 


Planet  Tables  for  December. 

[The  thaet  gfren  are  local  time  for  Northfidd.  To  obtain  Standard  Time*  for  Places 
ia  approximatelT  the  same  latitude,  add  the  difference  between  Standard  and  I«ocal 
Tine  n  weat  of  tbe  Standard  Meridian  or  anbtract  if  east]. 


MBRCURY. 

Date.  R.A.  Decl.  Rises.  Transits.  Sets. 

1898.  bm  •/  bm  bm  bm 

Dec       6 16  40.2       -  16  47         6  47  ▲.  M.  10  41.8  a.  if.  3  86  p.  M. 

16 16  04.6       - 18  88         6  40    "  10  26.8    "  8  18    " 

26 16  66.8       -  21  60         6  08    "  10  39.1     "  3  10    " 

VBNXJ8 

Dec.       6 20  16.6       -  22  24       10  48  A.  M.  8  17.0  P.  M.  7  46  P.  M. 

16 20  66.8       -  19  20       10  86    "  3  17.7    "  8  01    «• 

26 21  81.6       - 16  47       10  14    •*  3  13.0    "  8  12    " 

MARS. 

Dec.       5 14  89.7       -16  00         4  38  a.m.         9  41  .0  a.m.  2  44  p.m. 

16 16  06.1        -  17  01         4  34    "  9  28.2    **  2  22    " 

26 15  33.4       -  18  60         4  81    "  9  16.1     "  2  01    *• 

JUPITER. 

Dec.       5 3  27.8       -)-  17  46         3  10  P.  M.  10  27.0  p.  M.  5  44  A.  M. 

16 3  23  4       4-17  32         2  27    '•  9  43.8     •*  4  59    " 

25 3  19.9       4-17  22         1  45     "  9  00.6     "  4  16    " 

SATURN. 

Dec       5 13  25.9       -    6  30         2  50  a.  M.  8  27.4  a.  m.  2  05  P.  M. 

16 13  29.1        -    6  47         2  15    '•  7  51.4    *•  1  28     " 

25 13  31.8       -    7  11  1  39    "  7  14.8    "  12  50    " 

URANUS. 

Dec.       5 14  42.7       -  16  22         4  43  A.  m.         9  44.1  A.  M.  2  45  p  M. 

16 14  44.8        -  16  32         4  07    "  9  06.8     "  2  07    " 

25 14  46.7       -  15  40         3  30    "  8  29.5     "  1  29    " 

NBPTUNB. 

Dec.       5 4  43.2       +  20  42         4  11  p.  M.  11  42.2  p.  M.  7  13  A.  M. 

15 4  i2.0       4-  20  40         3  31     "  11  01.7     "  6  32    " 

25 4  40.9       +  20  38         2  61     "  10  21.3     "  5  52    " 

THB  SUN. 

Dec.       5 16  50.1       -22  29         7  23  a.m.  1151.0  a.m.  4  19  p.m. 

15 17  34.1       -  23  19         7  32    "  11  55.6    "  4  20    " 

25 18  18.5       -  23  23         7  37    "  12  00.6    "  4  24    " 


Phases  and  Aspects  of  the  Moon. 

Central  Time. 
d       b   m 

New  Moon Dec.     8  1  40  a.  M. 

Apogee "      9  5  24  a.  m. 

First  Qnarter "    16  4  21  A.  m. 

Perigee "    22  9  18  P.  M. 

Poll  Moon "    22  10  37  P.  M. 

Last  Qnarter "    29  5  18  p.  M. 
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Phenomena  of  Jupiter's  Satellites. 


Dec.     2 


h     m 

1  48  A.  M. 
4  46     " 

4  1  34     •* 

2  20      " 

3  61      " 

4  20  *• 
4  41  " 
4  44     ** 

5  1  31     •' 

4  07     " 

3  37  P.  M. 

5  06     " 

5  17     •• 

7  06     '* 

8  16     •• 

10  46     " 

11  13     •• 
11  25     •' 

6  12  57  A.  M. 

1  25     " 
7  67  P.  M. 
10  36     " 

7  3  39     " 

6  00  " 
5  12     " 

5  41     " 

6  00     " 

7  23     " 

7  64  " 
6  06     " 

3  61  A.  If. 

4  68  •* 
3  16     •' 

6  66  P.  M. 

8  28     " 

9  18     " 

10  30     " 

11  07     '* 

13  12  31  A.  11. 

1  08     '• 

2  00     " 

2  42     " 

3  20     •' 

9  42  P.  M. 

14  12  31  A.  M. 

6  00  P.  M. 
6  18     '• 

6  67     " 

7  18     " 

7  37     •* 

8  39     " 

9  09  •• 
9  49     " 

4  09  " 
7  00     " 


8 
11 

12 


16 


III 

III 

II 

II 

II 

I 

II 

I 

I 

I 

III 

III 

III 

III 

II 

I 

I 

II 
I 
I 
I 
I 

II 

II 

I 

I 

II 

I 

I 

I 

II 

II 

I 

III 

III 

III 

II 

III 

I 

I 

II 

I 

I 

I 

I 

II 

II 

I 

II 

I 

II 
I 
I 
I 
I 


Oc.  Dis. 
Be.  Re. 
Tr.  In. 
Sh.  In. 
Tr.  Eg. 
Tr.  In. 
Sh.  Eg. 
Sh.  In. 
Oc.  Dis. 
Ec.  Re. 
Tr.  In. 
Tr.  Eg. 
Sh.  In. 
Sh.  Eg. 
Oc.  Di8. 
Tr.  In. 
Sh.  In. 
Ec.  Re. 
Tr.  Eg. 
Sh.  Eg. 

Oc  dS. 

Ec.  Re. 
Sh.  In. 
Tr.  Eg. 
Tr.  In. 
Sh.  In. 
Sh.  Eg. 
Tr.  Eg. 
Sh.  En. 
Ec.  Re. 
Tr.  In. 
Sh.  In. 
Oc.  Dis. 
Tr.  In. 
Tr.  Eg. 
Sh.  In. 
Oc.  Dis. 
Sh.  Eg. 
Tr.  In. 
Sh.  In. 
Ec.  Re. 
Tr.  Eg. 
Sh.  Eg. 
Oc.  Dis. 
Ec.  Re. 
Tr.  In. 
Sh.  In. 
Tr.  In. 
Tr.  Eg. 
Sh.  In. 
Sh.  Eg. 
Tr.  Eg. 
Sh.  Eg. 
Oc.  Dis. 
Ec.  Re. 


h   m 
Dec  16    3  18  p.  m. 

3  36     " 

4  18     " 

19  10  26     " 
11  53     " 

20  12  46  A.  M. 

1  18     " 

2  16     " 

3  03     •' 
3  08     " 

11  29  P.  M. 

21  2  27  A.  If. 

7  21  P.  M. 

8  43     '* 

8  56     " 

9  31      *' 
9  41      '* 

10  66      " 

11  17      " 
11  44     •• 

22  6  56      '• 

8  66      *' 

23  1  66      " 
3  10     " 

3  15      " 

4  00      " 

4  52      " 

5  22      •' 

6  64      " 

6  13      " 
3  26      •* 
1  40  A.  M. 
1  16     •• 

9  43  P.  If . 

10  30      •• 

11  26      " 

11  36      " 

12  03  A.  M. 
12  42      •• 

1  39      •• 
1  66      '• 

7  43  P.  M. 
10  62      •• 


24 
27 
28 


29 


30 


31 


3  16 

4  16 
4  67 
6  00 

6  66 

7  09 

7  17 

8  08 
8  29 
8  64 
2  11 
6  20 


II 

I 

I 

III 

III 

I( 

III 

I 

I 

III 

I 

I 

II 

I 

II 

I 

II 

I 

II 
I 
I 
I 

II 

I 

III 

£ 

III 

1 

II 

I 

I 

III 

I 

II 

I 

I 

II 

II 

I 

I 

II 

I 

I 

III 

II 

I 

III 

I 

I 

III 

I 

II 

III 

I 

I 


EcRe. 
Tr.  Eg. 
Sh.  Eg. 
Tr.  In. 
Tr.  Eg. 
Oc.  Dis. 
Sh.  In. 
Tr.  In. 
Sh.  In. 
Sh.  Eg. 
Oc.  Dis. 
Ec.  Re 
Tr.  In. 
Tr.  In. 
Sh.  In. 
Sh.  In. 
Tr.  Eg. 
Tr.  Eg. 
Sh.  Eg. 


Sh. 
Oc. 
Be. 
Oc. 
Tr. 
Be. 
Sh. 


Dis. 

Re. 

Dis. 

In. 

Dis. 

In. 


Ec.  Re. 
Tr.  Eg. 
Ec.  Re. 
8h.  Eg. 
EcRe. 
Tr.  In. 
Oc  Dis. 
Tr.  In. 
Tr.  In. 
Sh.  In. 
Sh.  In. 
Tr.  In. 
Tr.  Eg. 
Sh.  Eg. 
Sh.  Eg. 
Oc.  Dis. 
Ec  Re. 
Oc.  iJis. 
Oc.  Dis. 
Tr.  In. 
OcRc 
Sh.  In. 
Tr.  Eg. 
Ec.  Dis. 
Sh.  Eg. 
Ec  Re. 
Ec.  Re 
Oc.  Dis. 
Ec  Re 


In.  denotes  inffrcM;  Bg.  ei?reM;  Dia  ,  dUappearance:  Re.,  reappearance;  Be.,  edipne; 
Oc.,  occnitation ;  Tr.,  tranait  of  the  aatellite;  Sh..  tranait  of  the  ahadow.  Only  the  phe- 
nomena Tiaible  in  the  United  States  are  glTcn.    The  times  are  Central  Standard. 

^^  B.  B.  Barnard  of  Lick  Observatory  has  contribnted  an  illustrated  article 
concerning  the  new  Brook's  comet.  It  comes  to  hand  too  late  for  this  issue. 
Something  good  is  promised  abont  the  freaks  of  the  tail  of  this  comet  learned 
from  the  photographs  of  it  taken  at  the  Lick  Observatory. 
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Approximate  Central  Standard  Times  when  the  Great  Red  Spot 
'will  croMi  the  Central  Meridian  of  Jupiter. 

Not.  16      8  68  p.  u.  Dec.     2    12  (^  A.  if.  Dec. 


ta   m 

16 

8  68  P.  u. 

16 

4  49     •• 

17 

2  44  a.m. 

17 

10v56     " 

18 

6  27  P.  If . 

19 

4  22  A.  M. 

20 

12  14    •• 

20 

10  06  P.  M. 

21 

3  66    " 

22 

1  62  A.  u. 

22 

9  48  P.  M. 

23 

6  34    '• 

24 

3  29  A.  If . 

24 

11  21  P.M. 

26 

7  12    " 

26 

6  07  A.  M. 

26 

3  03  P.  M. 

27 

12  69  A.  M. 

27 

8  60P  M. 

28 

4  41     *• 

29 

2  81  A.  M . 

29 

10  28  P.  M. 

30 

6  19     " 

1 

4  09  A.  If . 

)ec.     2 

1i   m 
12  06  A.  If. 

2 

7  67  P.  M. 

3 

6  62  A.  If. 

3 

3  48  P.  M. 

4 

1  44  A.  M. 

4 

9  36  P.  M. 

6 

6  26     *• 

6 

3  21  A.  M. 

6 

11  13  P.M. 

7 

7  05     '* 

8 

6  00  A.  M. 

9 

12  51     " 

9 

8  43  P.  M. 

10 

4  34    " 

11 

2  30  A.  M. 

11 

10  21  P.  M. 

12 

6  02     " 

13 

3  67  A.  M. 

13 

11  69  P  M. 

14 

7  60    " 

16 

6  46  A.  M. 

16 

3  42  P.  M. 

16 

1  37  a.m. 

16 

9  29  P.  M. 

h   m 

17 

6  20     " 

18 

3  16  A.  M, 

18 

11  07  p.m. 

19 

6  68     " 

20 

4  63  A.  M. 

21 

12  46     " 

21 

8  36  p.  M. 

22 

4  28     •• 

23 

2  24  A.  M. 

23 

10  15  p.m. 

24 

6  06     " 

25 

4  01  A.  M. 

26 

11  63  P.  M. 

26 

7  44     •• 

27 

6  39  A.  M. 

27 

3  36  p.  M. 

28 

1   32  A.  M. 

28 

9  23  p.  M. 

29 

6  14    " 

30 

3  09  A.  M. 

30 

11   01  P.  M, 

31 

6  63     " 

Dec 

Config^nration  of  Jupiter's  Satellites,  at  9:30  p.  m.  Central  Time 
for  an  Inverting  Telescope. 

Dec.  •  Dec.  Dec. 

I  23014  «2  32014  23  41023 

3  14023  13  31024  24  40123 


3 

40213 

14 

32104 

25 

4  «  I  0  3 

4 

4*103 

"5 

23014 

26 

4203" 

5 

43  0  I  • 

16 

10234 

27 

31042 

6 

4  3  0  2  • 

>7 

02143 

a8 

V  3  0   I  4 

1 

4  3  «  I  0 

18 

2  I  0  4  3 

29 

3  2  0  4  • 

4*301 

19 

4  2  0   I  V 

30 

10234 

9 

41023 

20 

43  «  0  2 

3« 

01234 

10 

•   0  2  I  3 

21 

4  3  0   «  V 

II 

a  I   0  3  4 

22 

42301 

Blonipations  of  the  Satellites  of  Saturn. 

(The  western  elongatioaa  will  be  found  approzimateir  half  waj  between  the  eastern 
and  other  position!  may  be  easily  interpolated.) 


Dec. 


MIMAS 

MIMAS  CoNT. 

ENCELADUS 

h 

h 

h 

9      4.9  A 

.  11. 

E 

Dec.  21 

10.9   A.   M. 

E 

Dec.  15 

6.6   A.   M. 

E 

10      3.5 

4* 

B 

22 

9.6      *' 

E 

16 

3.6  P.  If. 

E 

11      2.1 

« 

B 

23 

8.1      •« 

E 

18 

12.4  A.   M. 

E 

12    12.7 

<• 

E 

24 

6.8      " 

E 

19 

9.8      " 

E 

12    11.3  P 

.   M. 

E 

26 

6.5      •' 

E 

20 

6.2  P.  y. 

E 

13      9  9 

•• 

E 

26 

4.1      " 

E 

22 

3.1   A.   M. 

E 

14      8.6 

4» 

E 

27 

2.7      " 

E 

23 

11.9      " 

E 

16      7.3 

« 

E 

28 

1.3      " 

E 

24 

8.8  p.  M. 

E 

16      6.9 

•  • 

E 

28 

11.9   P.   M. 

E 

26 

6.7  A.   M. 

B 

17      4.6 

«« 

E 

29 

10.5      " 

E 

27 

2.6  p.  M. 

B 

18      3.1 

« 

E 

30 

9.1      " 

E 

28 

11.6      " 

B 

19      1.7 

<C 

E 

31 

7.8      " 

E 

30 

8.4  A.   M. 

B 

20    12.3 

M 

E 

31 

6.3  p.  K. 

B 
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Planet  Tables. 


TETHYS 

DIONE  CoNT. 

TITAN 

h 

h 

h 

Dec. 

13      5.3  A.  M. 

B 

Dec. 

19 

8.2  P.  M. 

E 

Dec. 

14      6.9  p.  M. 

W 

16      2.6      " 

E 

22 

1.9      *• 

E 

22      4.3      " 

E 

16    11.9  P.  M. 

E 

26 

7.6  A.  If. 

E 

30      6.1      " 

W 

18      9.3      " 

E 

28 

1.3      " 

E 

20      6.6      " 

E 

30 

7.0  p.  M. 

E 

HYPERION 

22      3.9      •• 
24      1.2      '* 
26    10.5  A.  M. 

E 
E 
E 

RHEA 

Dec. 

15      8.4  P.  M. 
27      2.2      " 

E 
W 

28      7.8      " 
30      5.1      " 

E 
E 

J)ec. 

6 
11 

1.8  p.  M. 

2.4   A.    M. 

E 
E 

JAPETUS 

15 

2.9  p.  M. 

E 

Dec. 

10      6.2  A.  M. 

W 

DIONE 

20 
24 

3.4  A.  If. 
3.9  P.  M. 

E 
E 

30      4.5  P.M. 

s 

Dec. 

14      8.8  A.  M. 
17      2.5       " 

E 
E 

29 

4.4   A.    M. 

E 

Minima  of  the  Variable  Stars  of  the  Al^rol  Type. 

[OiTcn  to  the  nearest  hour  in  CentrAl  Standard  Time.] 


U  CEPHEI. 

R.  A 0>»  52»  32« 

Ded +81**   17' 

Period 2d  11»»50« 

Dec.      6         3a.  II. 

11         2     * 

16         2    '* 

21         2    " 

26         1    " 

31  1    " 

ALGOL. 

R.  A 3^    1«    V 

Decl +  40^  32' 

Period 2d  20>»49» 

Dec. 


R.  CANIS  MAJ.  CoNT. 

Dec.  23         6  P.  m. 

24  10     •* 

26  1  A.  M. 

27  4    " 

S  CANCRI. 

R.  A 8»»  37«  39* 

Ded +  19**  26' 

Period 9c/ll>»38» 

Dec.     1         5  P.  M. 

10         5  A.  H. 

19         5  P.  M. 

29         4  A.  M. 


S.  ANTLI^  CoNT. 


10 

4  A.  If. 

13 

I    " 

15 

9  p.  11. 

18 

6    '' 

30 

6  a.m. 

S  ANTLIiE. 


X  TAURI. 

R.  A S^  54«  35- 

Decl +  12^11' 

Period 3cf22>»52« 

Dec.     4         4  P.  If . 
8         8  P.  .M 

R.  CANIS  MAJORIS. 

R.  A 7^  14«  30- 

DecL .—  16^     11' 

Period Id   S^  16» 

Dec.     6         5  P.  M. 

7  8    « 

8  11     " 


R.  A.... 

Decl 

Period. 
Dec. 


10 

8  A.  M. 

11 

6     '* 

14 

4  p.m. 

16 

8     " 

16 

11     " 

18 

2  a.m. 

19 

6    *• 

o 
6 

7 

8 
9 

10 
11 
12 
13 

14 


.  9*»27"30* 
.-28**  09' 
..  Od  7^  47« 
10  P.  M. 

6  a.m. 

9  p.m. 

5  a.  m. 

9  p.m. 

5  a.m. 

8p.  Mp 

4  a.  m. 

M. 
M. 
M. 
M. 
M. 
M. 


7p, 

3  a. 

6p, 

3  a. 

6  p. 

2  a. 

1     '• 

midn. 

midn. 
11  p.  M. 
10     " 

6  a.m. 

9  p.m. 

6a.m, 


Dec.  14 
15 

16 

17 

18 

19 

20 
21 
22 

23 
24 
25 
26 

27 

28 

29 

30 

31 


9  p.m. 

5  a.m. 

8  p.m. 
4  a.m. 
7  p.m. 

4  a.m. 

7  p.  M. 
3  A.  M 

.  6  p.m. 

3  a.m. 

6  P.M. 

2  a.m. 
1a.m. 

lA.M. 

midn. 

midn. 
11  p.  M. 
10     " 

6  a.m. 

9  P.M. 

6  a.m. 

8  p.m. 

5  a.m. 
8  p.m. 

4  a.m. 

7  p.m. 

3  a.m. 

6  p.m. 
3  a.m. 
6  p.m. 


U.  CORONA. 

R.  A. 15>»13»43« 

Decl +  32^  03' 

Period SdlOJ'Sl- 

Dec  11         5  a.m. 
18         3     " 
24         midn. 
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Occttltatioiia  Visible  at  Yiajahington , 


IMMBRSION 


BMBR8ION 


Date 
189S. 


Dec. 


10 
17 
19 
20 
23 
24 
30 


8tAr'8  MasnI- 

Name.  tade. 

BA.C.  6628....5.9 

C  Piscium 4.8 

40  Arietis 6.3 

36  Taari 6.0 

47  G«minoraii].6.0 

A.  Cancri 6.7 

86  Virginis 5.9 


WashiniT-     A-ng\e      Wasbinir-  Angle 

too  M,  T.    f  m  N  pt.  ton  M.  T.  t*m  N  pt.  Duratioa. 


ta 
5 


m 
21 


13  18 
6  32 

14  12 

5  43 

6  43 
16  57 


110 
99 

359 
97 

102 

106 
89 


h  ni 

6  25 

14  04 

7  08 

15  11 

6  31 

7  33 
17  59 


211 
213 
294 
246 
254 
266 
351 


h     m 
1    04 


56 
36 
59 
48 
50 
02 


/f%^"^      /4^     /J  V*  /^^  fz^ 


-i-sy 


f*or 


Path  of  Combt  c  1893  (Brooks)  through  the  Constbllations. 

Comet  e  1893  (Brooki).^Tbe  third  comet  of  tbis  year  was  discoTered  on  the 
mormng  of  Oct.  17  by  Mr.  W.  R.  Brooks  of  Smith  Observatory.  Geneva,  N.  Y.  It 
was  a  tekscopic  comet,  about  as  bright  as  a  star  of  the  seventh  magnitude,  with 
a  distinct  nucleus  and  a  tail  about  3^1ong.  At  Northfield,  owing  to  bad  weather 
and  moonH^ht,  we  were  unable  to  see  the  comet  until  the  morning  of  Nov.  3  when 
its  description  was  essentially  the  same  as  at  the  time  of  discovery.  Professor 
Porter  at  the  Cincinnati  Observatory  was  able  to  get  observations  of  its  position 
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Oct.  18, 19,  21  and  23  and  from  these  has  computed  the  following  elements  and 
ephemeris,  which  have  been  printed  in  Astronomical  Journal  No.  306.  These  in- 
dicate that  the  comet  passed  perihelion  Sept.  20  and  is  now  receding  from  the 
Stin ;  but  that  it  is  approaching  the  Earth  and  will  continue  to  approach  ns  dur- 
ing November.    Its  theoretical  brightness  will  slowly  decrease  during  this  time. 

The  course  of  the  comet  during  November  will  be  northeastward  (celestial) 
through  the  constellations  Coma  Berenices,  Canes  Venatici  and  Bodtes.  This  is 
shown  in  the  accompanying  diagram,  in  which  the  reader  will  be  able  to  reco^ize 
the  principal  stars.  During  the  latter  part  of  the  month  the  comet  will  be  visible 
all  night.  On  the  27th  it  will  be  quite  near  the  last  star  (7)  in  the  tail  of  the 
Great  Bear. 

Dr.  B.  A.  Gotdd  calls  attention  to  the  fact  that  the  elements  of  this  comet  bear 
a  striking  resemblance  to  those  of  the  first  comet  of  1864.  It  is  too  early  yet  to 
determine  whether  there  is  any  possibility  of  their  identity. 

Prof.  B.  B.  Barnard  succeeded  in  photographing  the  comet  on  the  morning  of 
Oct.  19  with  the  6-inch  portrait  lens  of  Lick  Observatory.  **  The  picture,  although 
the  exposure  was  short,  and  the  comet  very  poorly  placed,  is  a  very  successral 
one,  and  shows  this  object  to  possess  characteristic  features  similar  to  those 
shown  in  the  photographs  of  Swift's  comet  1892  I. 

The  plate  shows  the  tail  to  a  distance  of  3H°.  This  tail  irregularly  divides 
into  two  slightly  divergent  branches.  There  are  two  narrow  straight  ravs 
springing  out  from  the  head  on  opposite  sides  and  nearly  symmetrical  with  the 
main  tan.  The  north  ray,  which  seems  to  leave  the  region  of  the  nucleus,  is  in- 
clined to  the  body  of  the  comet  bv  about  45°;  the  southern,  which  leaves  the 
comet  10^  or  16'  minutes  back  of  tne  head,  is  inclined  about  30°.  They  are  both 
about  H^  long.  There  are  faint  evidences  of  several  other  rays  from  the  southern 
side  of  the  comet. 

Blembnts  op  Combt  c  1893  (Brooks)  by  J.  G.  Portbr. 

T  =  1893  Sept.  20.552  Berlin  M.  t. 
00  =  350°  40^2) 
K?  =175   19.3  V  1893.0 
y=130   13  .7J 
log  g  =  9.91968    g  =  0.83115 

Bphbmbris  for  Berlin  Midnight. 


R.  A 

E 

kK:l. 

log^ 

log  r. 

h   m 

• 

0 

/ 

Nov.  7 

12  55 

03 

+28 

48.9 

0.1729 

0.0806 

11 

13  03 

19 

32 

24.0 

.1597 

.0982 

15 

13  12 

35 

36 

14.3 

.1470 

.1155 

19 

13  23 

08 

40 

19.9 

.1353 

.1324 

23 

13  35 

20 

44 

39.9 

.1250 

.1468 

27 

13  49 

42 

+49 

11.7 

0.1169 

0.1647 

GENERAL  NOTES. 

Some  of  our  enthusiastic  readers  say  "Give  us  more  illustration  if  you  can." 
Haven't  we  done  pretty  well  this  time  ?  Send  us  more  subscribers  and  see  what 
we  will  do. 

The  high  commendation  that  we  received  from  some  very  prominent  astrono- 
mers in  Bngland  in  relation  to  the  character  of  the  first  two  numbers  of  this  pub- 
lication are  gratifying  indeed.  Messrs.  Wesley  &  Son  of  London  recently 
ordered  for  seventeen  annual  subscribers. 

Our  space  is  much  crowded  this  time  and  consequently  our  paragraph  sub- 
jects are  greatly  limited  in  number.  We  have  also  been  obliged  to  omit  some  use- 
ful comet  notes  and  tables. 

Naked-Eye  Sun  Spot.— Mr.  0.  R.  Loomis  of  Bound  Brook,  N.  J.,  writes 
that  he  saw  a  large  sun  spot  with  the  naked  eye  October  25.  He  verified  the  ob- 
servation with  a  3-inch  telescope.  Bzamining  our  solar  photographs  of  about 
the  same  date  a  large  group  of  sun  spots  is  noticed  which  were  well  defined  and 
prominent  between  Oct.  21  and  Oct.  27.  The  diameter  of  the  group  was  more 
than  43,000  miles  and  covered  the  lai^gest  solar  area  about  October  21. 
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PLATE  VIII. 


THE  YERKES  TELESCOPE. 

Clear  Aperture  of  Objective  40  inches. 

Photographed  by  S.  W.  Burnham  at  Columbian  Exposition. 
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PHOTOGRJlPHS  op  BROOKS'  COBCBT  (OCT.  17,  1883). 

B.  B.  BARNARD 


On  the  morning  of  the  17th  of  October  W.  R.  Brooks,  of  Gen- 
eva, N.  Y.,  discovered  a  small  comet  in  the  constellation  Virgo, 
some  ten  degrees  west  of  the  star  Epsilon.  The  comet  was  very 
low  on  the  eastern  horizon,  and  thongh  not  visible  to  the  naked 
eye,  it  was  qnite  bright  as  a  telescopic  object.  It  had  a  small 
nndens  and  a  short  tail,  but  presented  no  features  essentially  dif- 
ferent from  the  average  telescopic  comet. 

The  writer,  having  been  engaged  since  the  absence  of  the  Sep- 
tember moon  in  photographing  the  Milky  Way,  was  prepared  to 
photograph  this  new  comet  if  possible. 

On  the  morning  following  its  announcement  the  position  of  the 
comet  was  carefully  measured  with  the  twelve-inch  equatorial  for: 
the  benefit  of  the  early  computers  of  its  orbit.  There  was  noth-. 
ing,  as  seen  in  this  telescope,  to  suggest  any  special  results  in  pho- 
tographing it,  especially  as  the  comet  could  only  be  seen  for* 
about  half  an  hour  and  was  badly  obscured  by  the  dense  atmos-. 
phere  near  the  horizon.  However,  on  the  morning  of  the  19th'it 
was  decided  to  try  a  plate,  and  an  exposure  of  half  an  hour  was. 
given— frx>m  the  time  the  comet  could  first  be  seen  above  the  hori- 
zon until  dawn  cut  it  out. 

The  iiesulting  photograph  was  highly  satisfactoxy,  as  it  showed 
features  not  seen  in  the  twelve-inch.  The  comet  presented  a 
straight  tail,  nearly  four  degrees  long,  with  two  minor  rays 
springing  out  from  each  side  of  the  head  for  a  short  distance  and 
making  a  considerable  angle  with  the  main  tail. 

The  next  morning  was  cloudy,  but  on  the  morning  of  the  21st: 
another  exposure  of  half  an  hotu:  was  given.  Nothing  new  was 
shown  on  this  picture,  but  the  features  were  all  more  strongly 
marked,  especially  the  ray  from  the  northern  side  of  the  head, 
which  now  appeared  as  a  short,  broad  tail.  The  main  tail  was 
straight  and  presented  a  rather  graceful  appearance. 

On  the  morning  of  the  22d  the  twelve-inch  showed  that  some 
disturbance  had  occurred,  as  the  tail  near  the  head  was  distorted. 
The  customary  exposure  of  half  an  hour  was  given  with  the  Wil- 
lard  lens.    To  say  the  least  the  resulting  picture  was  astonishing. 
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146  Photographs  of  Brooks*  Comet. 

It  presented  the  comet's  tail  as  no  comet's  tail  was  ever  seen  be- 
fore. Thegracefbl  symmetry  was  destroyed;  the  tail  was  shat- 
tered. It  was  bent,  distorted  and  deflected,  while  the  larger  part 
of  it  was  broken  up  into  knots  and  masses  of  nebulosity,  the 
whole  appearance  giving  the  idea  of  a  torch  flickering  and  stream- 
ing irregularly  in  the  wind.  The  short  northern  tail  was  swept 
entirely  away  and  the  comet  itself  was  much  brighter. 

The  very  appearance  at  once  suggested  an  explanation  which  is 
probably  the  true  one.  If  the  comet's  tail  in  its  flight  through 
space  had  suddenly  encountered  a  resisting  medium  which  had 
passed  through  the  tail  near  the  middle,  we  should  have  precisely 
the  appearance  presented  by  the  comet.  It  is  not  necessary  that 
the  medium  should  be  a  solid  body ;  if  it  possessed  only  the  fee- 
blest of  ethereal  lightness  it  would  d^ect,  distort  and  shatter  the 
tail.  What  makes  this  explanation  all  the  more  probable  is  that 
the  disturbance  was  produced  from  the  side  of  the  tail  that  was 
advancing  through  space.  But  there  is  no  known  body  or  bodies 
in  that  part  of  the  heavens.  If,  therefore,  the  explanation  is  the 
true  one,  this  comet  points  out  the  existence  of  a  hitherto  un- 
known body  or  substance  in  the  neighborhood  of  the  sun— a 
swarm  of  meteors,  a  mass  of  exceedingly  attenuated  cosmical 
matter.  It  cannot  be  of  much  density,  or  it  would  have  shown 
on  the  plate.  Such  matter  is  not  an  unreasonable  supposition 
since  it  has  long  been  suspected  that  some  unknown  influence  of 
this  kind  exists  near  the  Sun  and  disturbs  the  motion  of  the  per- 
ihelion of  Mercury. 

I  am  speaking  of  this  comet  as  if  it  were  near  the  sun.  This  is 
an  assumption  that  may  be  wholly  erroneous.  It  is  apparently 
near  the  sun,  but  in  reality  may  be  a  vast  distance  beyond,  al- 
though that  is  hardly  probable.  However,  this  does  not  afiect 
the  explanation  of  the  phenomenon;  it  only  locates  the  disturbing 
influence  in  a  more  improbable  region. 

With  these  thoughts  paramount  it  was  with  considerable  anxi- 
ety that  the  developments  of  the  next  morning  were  awaited.  It 
was  cloudy,  but  the  clouds  were  breaking  and  fljring  in  the  face  of 
almost  a  hurricane.  The  comet  was  finally  got  into  the  guiding 
telescope  and  another  exposure  began.  The  fljring  clouds  occa- 
sionally permitted  the  image  of  the  comet  to  fall  on  the  plate. 
The  little  observatory  rocked  in  the  wind  and  the  dome  threat- 
ened every  moment  to  fly  away  in  the  direction  of  San  Francisco. 
A  broken  half  hour's  exposure  was  thus  secured,  and  the  result- 
ing picture  €imply  confirmed  the  disturbance  of  the  previous 
morning.    The  tail  was  broken  and  seemed  to  hang  in  irregular 


Digitized  by 


Google 


Shooting  Stars.  147 


cloud  masses,  deflected  out  of  line  with  the  stem  of  the  tail  near 
the  head.  A  portion  of  the  end  of  the  tail  was  completelj  de- 
tached and  was  drifting  off  as  an  independent  comet.  This  frag- 
ment was  some  four  or  fiye  degrees  from  the  head  and  a  degree 
from  the  nearest  part  of  the  tail.  Unless  this  portion  dissipates 
into  space  it  will  be  an  independent  comet  traveling  in  quite  a  dif- 
ferent path  from  the  original.  Its  exact  position  was  right  as- 
cension, 12  hours,  20  minutes;  north  declination,  20  degrees; 
October  22d,  16  hours  40  minutes.  Mount  Hamilton  mean  time. 
The  next  morning  was  cloudy  and  the  fall  moon  now  blots  out 
the  comet  and  its  phenomena. 

The  orbit  of  this  object  is  not  yet  known,  so  that  it  is  not  pos- 
sible to  say  whether  it  will  become  a  naked-eye  comet  or  not.  If 
it  has  not  yet  passed  perihelion  it  will  certainly'  become  visible  to 
the  naked  eye,  as  it  is  now  but  little  below  that  and  is  getting  in- 
to a  better  position  for  observing.  If  the  comet  gets  brighter 
and  again  presents  freaks  of  the  kind  described  it  will  be  evident 
that  the  suggested  explanation  is  at  fault  and  that  the  comet  is 
ix>sse8sed  of  phenomena  totally  unheard  of  before.  If  it  does 
not  repeat  these  changes  then  the  explanation  of  an  encounter 
vdth  a  resisting  medium  is  the  only  one  that  will  hold,  and  it  will 
consequently  prove  of  the  highest  importance  to  astronomy. 

It  vrill  be  seen,  I  think,  that  the  theory  is  at  least  a  good  work- 
ing one,  and  I  trust  the  reader  vriU  see  how  the  subtle  photo- 
graphic plate  may  reveal  to  us  wonders  of  a  very  startling  nature 
where  the  unaided  eye  looks  upon  a  blank  space  only. 

It  is  altogether  probable  that  no  other  photographs  have  been 
made  of  this  comet  yet,  as  it  is  such  an  unpromising  subject,  and 
that  this  history  of  it  is  recorded  only  on  the  Lick  observatory 
photographs. 

Mount  Hamilton,  Oct.  25. 
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lY.    Thb  Observation  of  Mktbor   Showers— Diffbrbncbs 

Among  Them. 

The  observation  of  a  rich  meteor  shower,  to  be  complete,  must 
be  undertaken  by  two  observers  acting  in  concert.    While  one  of 
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them  watches  the  sky  contintiousl  j  and  cotmts  the  total  number 
of  meteors  visible  and  also  notes  the  proportion  belonging  to  the 
special  shower  in  progress,  the  other  will  register  the  paths,  de- 
termine the  position  of  the  radiant,  and  record  other  details  not 
absolutely  requiring  uninterrupted  attention.  If  one  observer 
only  is  employed  in  the  work  he  cannot  reckon  the  number  of 
meteors  and  register  the  paths  as  well,  for  the  latter  occasions 
breaks  in  the  watch  which  ought  to  be  continuous.  He  can  make 
allowances,  it  is  true,  for  the  time  his  attention  is  withdrawn 
from  the  sky,  but  this  is  not  nearly  so  satisfactory  as  counting 
the  actual  numbers.  The  capacity  possessed  by  a  single  observer 
is,  however,  often  sufficient  to  give  a  good  idea  as  to  the  charac- 
ter of  a  shower.  When,  say,  the  Perseids  are  being  observed,  he 
should  tabulate  his  results  for  each  evening;  he  can  then,  by  com- 
parison afterwards,  see  what  changes  affect  the  place  of  the  ra- 
diant and  the  intensity  of  the  shower.  As  an  example  of  such  a 
table,  I  give  the  results  of  my  observations  of  the  Perseids  in 
August  last: 


Data  18»8. 

Time  of  Watch. 
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tion. 

^i 

4 

Radiant 

of 
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11  30  to  13    0 
10  15  to  15  IS 

10  15  to  14  30 

11  10  to  14  30 
10  15  to  IS  IS 

h 
1% 

2 

I 

3% 

4 

3« 

11 

4S 
21 

ti 

35 
41 

4 
12 
20 

M 

I 

7 

I 

4 
77 

7 
14 

2S 

9 
II 
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29 
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0 
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41- 
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48- 
49- 

0 

-ss 

-S6 
hS7 

Partly  doudy 

Sky  dear. 

A  rew  douds,  frequent 

tightniog. 
Many  douds. 
Partiy  doudy. 
Frttty  dear. 
Very  dear. 
Very  dear. 
Very  dear. 

S2+S7 

5-16 

10  IS  -  IS  IS 

*3% 

314 

39-l-SS 
to 

S2+S7 

ReaUy  brilliant  showers,  like  the  Andromedes  (=  Biela's  comet) 
of  November  27, 1885,  are  more  fugitive  and  their  great  intensity 
is  generally  limited  to  a  few  hours.  In  counting  the  meteors  dur- 
ing such  a  display,  the  observer  should  group  his  observations 
into  short  periods  of  say  6  or  10  minutes  and  state  total'  number 
seen  during  each  intervcd.  The  time  of  maximum  may  then  be  de- 
duced from  the  records.  The  radiant  should  also  be  determined, 
say  once  during  each  hour  of  the  shower's  progress,  for  there 
may  be  a  considerable  displacement  in  the  course  of  a  single  night. 
The  radiant  of  the  Andromedes  is  at  about  19° +45%°  at  6  p.  M., 
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Imt  12  hours  later  (viz.  at  about  6  a.  m.)  it  is  at  31^  +  51°  ac 
cording  to  theory. 

When  observations  are  pursued  on  ordinary  nights  solely  for 
the  purpose  of  finding  radiant  points  it  is  not  nearly  so  impor- 
tant to  record  the  lengths  of  the  meteor  paths  observed  as  to 
note  the  exact  directions  of  their  flights.  The  latter  feature  is  in 
fact  all-important,  for  with  accurate  materials  of  this  charac- 
ter the  radiants  become  well  defined  in  certain  positions.  Of 
course,  when  observations  are  undertaken  at  two  or  more 
stations  for  the  express  purpose  of  getting  duplicate  records  of 
the  same  meteors  with  a  view  to  the  computation  of  their  re^d 
paths  in  the  atmosphere,  it  then  becomes  important  to  note  the 
b^;inning  and  end  points  of  the  courses  with  great  precision  or 
the  observations  will  exhibit  discordances.  It  is  most  unfortu- 
nate that  proper  regard  is  not  given  to  this  circumstance  by 
observers  generally  so  that  the  published  accounts  of  the  numer'- 
ous  fireballs  which  api>ear  unexpectedly  might  be  of  real  value  to 
those  engaged  in  their  investigation.  It  sometimes  happens  that 
a  fireball  is  so  generally  observed  that  scores  of  descriptions  of  it 
are  printed,  but  these  are  usually  so  rough  and  unreliable  that  it 
is  rarely  i>ossible  to  deduce  satisfactory  results  from  them.  The 
suddenness  of  the  apparitions  and  the  inexperience  of  many  of 
the  observers  doubtless  furnish  the  causes  of  the  errors  commonly 
vitiating  the  observations. 

There  is  probably  no  class  of  phenomena  in  which  more  diversi- 
ty exists  than  in  that  comprehended  under  the  title  of  meteoric 
astronomy.  The  number  of  showers  not  only  appears  to  be 
infinite  but  an  endless  variety  is  displayed  amongst  them;  in  fact, 
it  would  be  difiicult  to  find  two  streams  perfectly  alike  in  all 
respects.  The  more  prominent  features  in  which  dissimilarity 
exists  are  as  follows: 

In  richness  of  display. 
"   periodic  time. 
**   character  of  radiation. 
"    duration  of  activity. 
•*   nature  of  orbit,  etc.,  etc. 

Perhaps  it  may  be  as  well  to  say  something  on  these  points 
separately. 

In  "richness  of  display"  every  observer  must  have  quickly 
recognized  the  wide  distinction  that  is  apparent.  There  are 
showers  which  like  the  Leonids  of  1799, 1833  and  1866  and  the 
Andromedes  of  1872  and  1886  are  capable  of  supplying  many 
thousands  of  meteors  in  an  hour  to  one  observer,  while  on  the 
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other  hand  there  is  a  host  of  feeble  systems  some  of  which  yield 
no  more  than  6  or  6  meteors  during  watches  on  several  success- 
ive nights  covering  in  the  aggregate  30  or  40  hours !  There  are 
in  fact  a  considerable  number  of  streams  of  such  extreme  tenuity 
that  a  single  observer,  though  he  may  watch  the  sky  during  an 
entire  night  in  winter,  will  only  succeed  in  noting  about  one  me- 
teor from  each  of  them.  Yet  though  so  feeble  such  showers  are 
to  be  accurately  detected  and  their  radiant  points  correctly  as- 
signed by  the  observer  who  perseveres  in  watching  for  long  inter- 
vals and  who  registers  the  individual  tracks  with  the  necessary 
precision.  It  might  be  supposed  that  such  exhausted  systems 
are  scarcely  worthy  of  notice  and  must  certainly  be  very  doubt- 
ful, but  in  point  of  fact  their  very  feebleness  makes  them  interest- 
ing and  the  difficulty  of  securing  them  adds  a  zest  to  the  efforts 
of  the  observer.  It  would  be  unwise  to  disregard  the  weaker 
streams,  for  some  of  the  attenuated  showers  of  to-day  may  form 
the  most  brilliant  displays  of  a  future  time  or  they  may  possibly 
represent  the  nearly  extinct  relics  of  fine  showers  in  past  ages. 
In  any  case  they  are  worthy  of  careful  observation.  Mr.  Greg 
entertained  a  contrary  opinion  and  his  method  was  to  average 
the  positions  of  a  number  of  radiants  lying  near  together  and  to 
consider  them  as  forming  one  shower,  but  the  writer  regards  this 
as  a  most  erroneous  practice.  We  might  as  well  take  the  mean 
place  of  the  stars  in  the  Pleiades  and  catalogue  the  position  as 
that  of  a  single  bright  star!  The  method  would  simplify  mat- 
ters by  reducing  the  number  of  objects,  but  it  would  not  be  true 
to  Nature  and  therefore  meets  its  own  condemnation.  If  the 
number  of  showers  is  so  great  and  the  proximity  and  feebleness 
of  their  radiants  such  that  complications  arise  in  dealing  with 
them  we  must  nevertheless  face  the  matter  as  it  stands  and  en- 
deavour by  long  and  careful  study  to  remove  the  difficulties. 
The  necessity  for  generalizing  may  be  felt  but  it  will  never  do  to 
adopt  a  sweeping  method  palpably  inconsistent  with  the  direct 
issues  of  observation. 

With  regard  to  •* periodic  returns"  of  showers  we  find  differ- 
ences similar  to  that  affecting  cometary  returns.  The  Leonids 
furnish  us  vrith  beautiful  displays  every  33  years  and  though  the 
real  maximum  is  confined  to  a  single  year  yet  in  the  few  years 
preceding  and  following  the  maximum  fine  showers  are  usually 
presented.  Thus  in  1864,  1865,  1867,  etc.,  there  occurred  con- 
spicuous displays  near  the  great  shower  of  1866.  At  the  close  of 
the  present  century  we  shall  doubtless  witness  some  brilliant  re- 
vivals of  this  remarkable  meteor-system  for  its  parent  comet 
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(I,  1866  Tempel)  wfll  revisit  us  in  1899.  The  Andromedes  of 
Biela's  comet  seen  in  very  great  abundance  on  Nov.  27, 1872,  and 
1886  and  more  recently  on  Nov.  23, 1892,  fhmish  an  instance  of 
a  short  period  meteor  shower  and  it  will  probably  return  in  its 
greatest  magnificence  in  1898  or  1899.  The  Andromedes  and 
Leonids  constitute  the  best  known  and  most  definite  instances  of 
periodical  meteor  showers.  The  Lyrids  of  April,  the  Perseids  of 
August,  the  Orionids  of  October  and  some  other  well  known  sys- 
tems probably  have  longer  periods  which  are  not  yet  exactly  as- 
certained. The  Perseids  and  Orionids  apparently  partake  more 
of  a  regular  annual  display  without  developing  periodical  out- 
bursts  and  this  appears  to  be  the  prevailing  feature  of  the  great 
majority  of  meteoric  systems.  They  recur  every  year  without 
special  intensity  and  probably  form  complete  ellipses  throughout 
which  the  particles  are  pretty  evenly  distributed.  Undoubtedly 
a  proportion  of  the  known  streams  have  definite  peroids  of  re- 
curring  activity,  but  observation  has  not  yet  succeeded  in  de- 
termining many  such  showers.  The  writer  noticed  a  rich  display 
of  Draconids  on  Aug.  21-26, 1879  which  has  not  returned  since 
that  year,  but  the  inference  is  that  it  forms  a  periodical  shower 
which  will  reappear  at  some  future  time.  It  is  highly  probable 
that  condensed  meteor  groups  with  periodical  maxima,  become, 
in  time,  distended  into  complete  elliptic  streams  of  annual  recur- 
rence. Every  particle  of  such  a  group  would  have  a  slight  differ- 
ence of  orbit  and  period  with  the  effect  that  after  many  revolu- 
tions the  meteors  are  distributed  along  the  entire  orbit. 

In  our  next  chapter  we  hope  to  refer  to  differences  in  the  radia- 
tion and  duration  of  activity  of  various  systems. 
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This  comet  was  discovered  by  Mr.  W.  R.  Brooks,  then  of  Phelps, 
N.  Y.,  July  6, 1889.  It  was  a  rather  faint  telescopic  object  and 
would  not  have  attracted  very  much  attention,  but  for  the  fact 
that  it  was  moving  in  a  short  ellipse  with  a  period  of  about  7 
years,  and  that  in  the  year  1886  it  must  have  passed  very  clode 
to  the  planet  Jupiter  and  its  orbit  must  then  have  been  very 
greatly  changed.  This  was  pointed  out  by  Mr.  S.  C.  Chandler, 
in  No.  204  of  the  Astronomical  JoamaL  In  a  later  paper  (Astr. 
Jour.  No.  205)  Mr.  Chandler  gave  the  results  of  a  rough  calcula^ 
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tion  of  the  principal  perturbations  by  Jnpiter,  that  is  from  Jan. 
24  to  Sept.  14,  1886,  and  attempted  to  trace  the  course  of  the 
comet  backward  from  that  time.  He  fonnd  that  the  enconnter 
with  Jupiter  in  1886  effected  a  complete  tranformation  of  the 
comet's  orbit.  Instead  of  the  present  small  seven-year  ellipse,  it 
was  previously  moving  in  a  large  one  of  about  27  years'  period, 
whose  aphelion  lay  outside  of  Saturn's  orbit,  and  whose  peri- 
helion was  almost  exactly  at  the  present  aphelion  distance.  The 
direction  of  the  lines  of  apsides  and  the  nodes  were  reversed  and 
turned  through  an  angle  of  about  twenty  degrees.  The  plane  of 
the  orbit  was  also  tilted  about  fourteen  degrees. 

Furthermore,  tracing  back  the  course  of  the  comet  with  the 
elements  of  the  twenty-seven  year  ellipse,  Mr.  Chandler  found 
that  the  comet  must  have  been  very  near  Jupiter  in  the  year 
1779,  the  very  time  when  the  lost  comet  of  Lexell  1770  was  in 
the  immediate  vicinity  of  the  planet  and  suffered  the  notable  dis- 
turbance which  was  supposed  to  have  taken  it  out  of  our  reach. 
This  coincidence  of  time  and  place  afforded  a  strong  presumption 
of  the  identity  of  the  two  comets.  Later  computations  do  not 
confirm  this  presumption  but  there  remains  the  very  interesting 
and  diflBcult  problem  of  determining  exactly  the  course  of  a 
comet  when  under  the  preponderating  influence  of  a  great  planet. 

In  recent  numbers  (302  and  303)  of  the  Astronomical  Journal^ 
Mr.  C.  L.  Poor  has  given  the  results  of  his  investigations  in  re- 
gard to  Comet  1889  V.  He  used  as  the  basis  of  his  work  the 
definitive  elements  of  the  comet's  orbit  computed  by  Dr.  Julius 
Bauschinger  from  all  the  published  observations,  the  latter  ex- 
tending over  a  period  of  over  eight  months.  There  is  still  some 
uncertainty  expressed  by  the  factor  v,  in  these  elements,  not  due 
to  the  computations  but  to  the  inaccuracies  of  the  observations. 
Mr.  Poor  finds  that  v  is  probably  within  the  limits  —  40  and 
+  40.  This  uncertainty  is  very  slight  but  enough  to  affect,  to 
some  extent,  the  character  of  the  calculated  approach  of  the 
comet  to  Jupiter.  Taking  the  most  probable  values  of  the  ele- 
ments ,and  calculating  the  perturbations  by  all  of  the  planets, 
which  could  preceptibly  influence  the  comet's  motion,  back  to 
1886,  Mr.  Poor  finds  that  the  approach  was  closer  than  Mr. 
Chandler  had  supposed.  The  nucleus  of  the  comet  passed  within 
the  orbit  of  the  first  satellite  and  may  have  almost  grazed  the 
surface  of  the  planet  itself. 

In  calculating  the  path  of  the  comet  when  very  near  to  Jupiter 
Mr.  Poor  followed  the  method  of  transforming  the  elements  of 
the  ellipse  around  the  Sun  into  those  of  a  hyperbola  around  Jup- 
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iter,  regarding  the  Stm  as  a  distnrbiiig  body.  This  transforma- 
tion was  made  at  the  date  Oct.  26.5,  1786.  After  tracing  the 
movement  of  the  comet  back  aronnd  Jnpiter  for  six  months  the 
elements  were  again  referred  to  the  Snn  ^s  a  center  at  the  date 
March  24.6,  1886,  and  it  was  found  that  the  orbit  had  so 
greatly  changed  that  the  period  was  then  41.87  years.  For  sev- 
eral months  before  that  time,  however,  the  perturbations  by  Jnpi- 
ter had  been  large  and  when  these  were  calculated  back  to  March 
14.5,  1884,  the  elements  were  found  to  give  a  period  of  31.38 
years,  with  the  perihelion  passage  July  20,  1886.  Mr.  Poor 
thinks  that  the  uncertainty  of  this  period  is  within  two  years. 

Instead  of  giving  the  numerical  element  of  the  comet's  orbit  at 
the  various  stages  of  its  transformation*  we  have  attempted  to 
represent  them  graphically  by  means  of  the  diagrams.  Figures  1 
and  2.  In  Fig.  1,  the  four  elliptic  orbits  are  shown  together  with 
the  orbits  of  Earth,  Jupiter,  Saturn  and  Uranus.  The  four 
ellipses  of  the  comet's  path  all  meet  near  that  point  of  Jupiter's 
orbit  which  is  opposite  the  vernal  equinox.  For  two  of  them 
this  is  the  most  distant  part  of  the  orbit  (aphelion),  for  the  other 
two  it  is  the  nearest  part  (perihelion).  One  can  see  at  a  glance 
what  a  tremendous  change  in  the  path  of  the  comet  occurred  be- 
tween March  and  October,  1886. 

Interpreting  the  elements  with  the  aid  of  the  figure  they  tell  us 
that  the  comet  previous  to  1884  was  moving  in  a  large  ellipse 
the  nearest  point  of  which  to  the  Sun  lay  very  close  to  Jupiter's 
path,  and  the  farthest  point  about  half  way  between  the  orbits 
of  Saturn  and  Uranus.  The  platie  of  the  orbit  was  inclined  at 
an  angle  of  about  7^  to  ecliptic  and  the  orbit  crossed  the  latter 
from  south  t6  north  in  longitude  186°,  very  near  the  path  of  Jup- 
iter. This  orbit  is  represented  in  Fig.  1  by  the  line  marked 
•'Orbit  of  Comet  1889  V  in  March,  1884."  The  comet  was  de- 
scribing this  path  at  the  rate  of  a  revolution  in  about  31.38 
years.  Had  it  not  been  influenced  by  Jupiter  it  would  have  gone 
around  this  orbit  again  and  again  and  never  have  been  seen  from 
the  Earth.  As  it  happened  to  come  to  perihelion  at  the  same 
time  that  Jupiter  was  in  that  vicinity,  it  was  drawn  at  first  very 
gradually,  then  more  rapidly,  from  thelatge,  smooth  curve  of  Fig- 
ure 1  into  the  larger  dotted  curve,  then  into  the  smaller  dotted 
curve,  and  finally  and  gradually  into  the  slightly  larger  smooth 
curve.  This  last  curve,  '*  Orbit  of  Comet  1889  V  in  1889,"  it  will 
continue  to  follow  for  several  revolutions  of  seven  years'  period 

•  These  dements  are  given  in  Astronomy  and  Astro- Physics,  Nov.  1893, 
p.  796. 
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with  only  slight  modifications  by  the  planets.  In  1921  another 
dose  approach  to  Jupiter  will  occur,  which,  though  not  so  close 
as  the  one  in  1886,  will  considerably  change  the  orbit,  probably 
making  it  larger  and  possibly  removing  the  comet  from  the  reach 
of  our  telescopes  for  a  long  period. 


Pig.  2.— Thb  Path  op  Combt  1889  V  Through  Jupitbr's  Satbllitb  Systbm 

July  18  TO  21, 1886. 

Fig.  2  represents  a  portion  of  the  hyperbolic  orbit  of  the  comet 
relative  to  Jiipiter  while  it  was  passing  through  the  system  of  the 
satellites,  and  is  especially  interesting  in  showing  how  very  close 
the  comet  came  to  the  planet  and  the  satellites.  The  scale  is 
nearly  4000  times  that  of  Fig.  1.  The  time  of  nearest  approach 
to  Jupiter  was  found  to  be  July  20,  when  the  distance  was  only 
2.31  radii  of  the  planet,  with  the  uncertainty  expressed  by  v  in 
the  formula 

q  =  2.31  +  0.033V 

"  That  is,  the  comet  not  only  passed  through  the  system  of  Jup- 
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iter's  satellites,  but  it  actually  passed  within  the  orbit  of  the  first 
satellite  whose  mean  distance  is  6.93  radii  of  the  planet.  Taking 
the  extreme  limits  of  y  we  are  safe  in  saying  that  the  comet 
passed  the  center  of  Jnpiter  at  a  distance  not  greater  than  3.63 
and  not  less  than  1.00  radii  of  the  planet.  In  other  words  the 
center  of  the  comet  may  have  grazed  the  surface  of  Jupiter,  and 
it  certainly  approached  that  surface  to  within  a  distance  of  2.63 
radii  of  the  planet,  or  only  112,300  miles.  Even  this  latter  is  a 
very  small  quantity. 

"For  the  most  probable  hypothesis,  that  of  v  =  0,  the  comet 
was  2.65  days  within  the  system  of  Jupiter's  satellites,  and  dur- 
ing  this  time  it  made  nearly  a  complete  curcuit  about  the  planet, 
passing  over  an  arc  of  313°  of  longitude.  The  comet  entered  the 
Jovian  system  in  longitude  118°  on  July  18.77,  passed  the  planet 
July  20.10,  at  a  distance  of  only  2.28  radii,  and  July  21.43  left 
the  system  in  longitude  71  °.  During  this  time  it  must  have  col- 
lided with  one  or  more  of  the  satellites." 

The  last  two  paragraphs  are  quoted  from  Mr.  Poor's  paper. 
In  Fig.  2  the  circles  represent  the  orbits  of  Jupiter's  satellites  and 
the  relative  path  of  the  comet  is  almost  a  hyperbola  and 
was  drawn  from  the  mean  of  the  parabolic  elements  given 
for  Oct.  26.5  and  March  24.5,  1886.  It  is  necessary  to  under- 
stand that  the  path  of  the  comet  is  a  plane  inclined  at  an  angle 
of  about  70°  to  the  plane  of  the  satellite  orbits,  so  that  the 
comet  did  not  pass  horozontally  across  them,  but  came  up 
through  from  below.  The  line  NN'  represents  the  line  of  the 
nodes  or  intersection  of  the  planes  of  the  comet's  path  and  the  ec- 
liptic. 

The  reader  must  understand,  too,  that  this  is  only  the  path  re- 
lative to  Jupiter  and  that  the  latter  was  at  the  same  time  mov- 
ing rapidly  along  its  orbit,  so  that  while  the  comet,  after  July  20, 
was  apparently  moving  backward  with  reference  to  Jupiter,  with 
reference  to  the  Sun  it  was  moving  forward  and  changing  from 
the  larger  dotted  orbit  to  the  smaller  one  in  Pig.  1. 

It  will  be  noticed  that  the  path  of  the  comet  passes  very  close 
to  that  of  the  new  satellite  (V)  of  Jupiter  and  suggestions  have 
already  reached  us  from  different  sources,  that  possibly  this 
comet  had  something  to  do  with  the  origin  of  the  new  satellite, 
that  in  fact  the  satellite  is  a  captured  fragment  of  the  comet. 
We  cannot  see  how  this  could  be,  with  the  comet  passing 
through  the  system  just  as  it  did,  and  supposing  the  capture  to 
have  occurred,  cannot  acconnt  for  its  brilliancy,  since  the  whole 
comet  was  invisible  long  before  it  reached  the  distance  of  Jupiter. 
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If  the  period  of  31.38  years  is  correct  this  comet  cannot  be  iden- 
tical with  LexelVs  comet  of  1770  unless  marked  perturbations 
occurred  between  1886  and  1779  when  the  latter  was  in  the  vic- 
inity of  Jupiter  and  had  its  orbit  greatly  changed,  for  the  interval 
of  107  years  is  not  a  multiple  of  31.38  years  or  any  number  ver>' 
near  that.  Mr.  Poor  finds  that  there  was  no  very  near  approach 
of  the  comet  to  Saturn  in  that  interval  but  that  possibly  a  very 
close  approach  to  Jupiter  occurred  in  1 791.  This,  however,  would 
be  fatal  to  identity  with  LexelPs  comet,  for  it  would  require 
the  comet  between  1779  and  1791  to  have  a  period  equal  to  that 
of  Jupiter,  that  is  an  identical  orbit. 


SUGGESTIONS  TO  AMATEURS. 


LEWIS  SWIFT 


The  Great  Nebula  in  Orion. 

The  largest  and  one  of  the  brightest  and,  in  many  respects,  the 
most  remarkable  nebula  known  is  that  found  in  the  constellation 
of  Orion,  right  ascension,  about  5*^  30'";  declination,  south  5°. 
It  is  impossible  to  name  its  exact  position,  as  is  true  of  all  the 
large,  irregular  nebulae  unless  they  possess  a  conspicuous  central 
point  for  reference,  which  the  Orion  nebula  has  not.  As  examined 
with  different  telescopes  under  varied  atmospheric  conditions,  its 
entire  contour  is  changed  with  each,  so  that  each  individual  ob- 
server, according  to  the  size  of  the  telescopes  employed  and  the 
excellence  of  the  seeing,  locates  the  selected  center.  With  my  16- 
inch  glass,  using  a  superior  and  large  periscopic  eyepiece  giving  a 
low  power  and  a  large  field,  I  have  several  times  traced  the  out- 
lines of  this  nebula  far  beyond  its  generally  assigned  limits.  Pro- 
fessor Wm.  H.  Pickering  has  given  it  an  extension  nearly  equal  to 
that  of  the  constellation  itself,  and  including  several  neighboring 
nebulae  heretofore  supposed  to  have  no  connection  with  it. 

When  the  constellation  is  veiwed  with  the  naked  eye,  the  first 
objects  fo  attract  attention  are  the  three  conspicuous  stars  of 
equal  magnitude  in  a  line  about  one  and  a  half  degrees  apart 
called,  variously,  the  three  stars,  the  yard  and  ell,  and  the  belt  of 
Orion,  but  which  Job  designates  as  the  Bands  of  Orion,  **Canst 
thou  bind  the  cluster  of  the  Pleiades  or  loose  the  bands  of 
Orion?"    Job  xxxviii :  31,  Revised  Ed. 

Neither  the  date  of  discovery  of  this  nebula  nor  the  name  of  its 
discoverer  is  certainly  known.    It  has  been  generally  ascribed  to 
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Huygens,  in  1656,  but  eighteen  years  previous  to  its  mention  by 
Huygens,  Cysat,  of  Lucerne,  in  describing  the  appearance  of  the 
head  of  the  comet  of  1618,  compares  it  to  the  nebula  in  Orion. 
This  allusion,  while  nullifying  the  claim  of  Huygens,  does  not,  by 
any  means,  prove  Cysat  its  discoverer,  indeed  it  would  rather 
argue  its  having  been  known  previously,  but  Dr.  Dreyer  in  his 
**New  General  Catalogue  of  Nebulae"  accords  Cysat  this  honor. 


Nebula  of  Orion  (Messier  1771) . 

When  viewed  with  small  telescopes  these  hazy  objects  appeared 
only  as  small,  whitish  spots,  but,  looked  at  with  larger  glasses, 
some  were  resolved  into  stars,  and  so  the  inference  was  that  all 
nebulae  were  clusters  and  resolvable  did  we  possess  telescopes  of 
adequate  power.  As  a  result  of  this  erroneous  theory,  some  as- 
tronomers, finding  a  star  or  two  depicted  on  a  nebula,  have  as- 
sumed and  announced  that  the  objects  were  no  longer  to  be 
regarded  as  nebulae  but  as  clusters.  Sir  William  Herschel  claimed 
to  have  resolved  into  stars  the  great  Whirlpool  nebula  in  Canes 
and  the  great  nebula  in  Andromeda,  and  others  have  asserted 
that  the  Orion  nebula  and  the  ring  nebula  in  Lyra,  also,  had  been 
found  to  be  clusters  of  stars,  while  the  truth  is  that  the  last  two 
are  pronounced  gaseous  by  the  spectroscope.  It  is  only  lately, 
with  our  mammoth  telescopes,  that  a  single  star  has  been  seen 
either  on  or  within  the  ring  of  the  last  named. 
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The  distance  of  the  nebulae  from  the  earth  has  been  a  much  dis- 
cussed question,  and  it  has  been  contended  that  thej  may  not  be 
so  far  off  as  the  nearest  stars,  but  as  the  distance  of  both  is  un- 
known, any  assertion  regarding  this  is  futile.  The  Orion  nebula 
has  many  stars,  some  bright,  but  mostly  faint,  scattered  over  its 
surface,  but,  judging  from  their  telescopic  apearance,  they  lie  be- 
tween us  and  the  nebula. 

Here  we  are  confronted  with  some  startling  facts.  All  stars 
are  suns,  and  all,  even  under  the  highest  powers  of  the  largest 
telescopes,  appear  as  points  of  light.  A  point,  having  no  exten- 
sion, cannot,  of  course,  be  magnified.  The  nearest  star  to  us,  Al- 
pha Centauri,  is.  presumably,  as  large  as  our  Sun,  and  yet,  so  far 
away  is  it  that  though  nearly  a  million  and  a  half  times  the  size 
of  our  Earth  it  is  reduced  to  a  mathematical  point.  Now,  super- 
imposed on  the  Orion  nebula  are  stars  as  large  as  Alpha  Centauri 
on  which  no  telescope  can  raise  a  disc,  while  the  nebula  itself^ 
probably  somewhat  spherical  in  form  and  probably  as  far  distant 
as  the  stars,  presents  a  disc  covering  at  least  one-hundred  square 
degrees.  What  little  things  even  the  gigantic  suns  must  be  in 
comparison  with  this  which  is,  however,  only  one  of  the  eight 
thousand  nebulae  which  our  telescopes  reveal ! 

No  lateral  motion  has  ever  been  detected  in  any  nebula.  It  is 
only  because  the  stars  are  points  that  their  proper  motion,  as  it 
i;  termed,  is  measurable.  The  telescope  only  takes  cognizance  of 
this  kind  of  motion,  while  the  spectroscope  is  employed  alto- 
gether for  the  detection  of  motion  in  the  line  of  sight,  either  to- 
ward or  from  the  observer.  By  the  tele-spectroscope  at  the  Lick 
Observatory  Professor  Keeler  ascertained  that  the  Orion  nebula 
is  moving  from  us  or  we  from  it  at  the  rate  of  about  ten  miles 
per  second.  The  probability  is  that  this  motion  is  nearly  all,  if 
not  wholly  due  to  that  of  the  sol^u-  system  toward  the  apex  of 
the  Sun's  way,  in  the  neighborhood  of  the  constellation  of  Hercu- 
les. 

Several  nebulae  are  scattered  over  the  constellation  of  Orion 
which  even  in  large  telescopes,  appear  to  be  independent;  but 
which  with  long  photographic  exposure  (top  long  for  the  brighter 
portion  of  the  great  nebula)  the  negative  shows  to  be  connected 
with  the  principal  nebula,  whose  proportions  are  thus  expanded 
to  an  extent  undreamed  of  a  few  years  ago. 

My  library  is  largely  packed  for  shipment  and  I  cannot  now  re- 
call wherein  I  recently  read  the  statement  that  the  nebulae  dose  to 
C  Orionis,  the  lowest  of  the  three  stars  of  the  Belt,  were  lately  dis- 
covered by  photography.  Unless  a  new  one  is  alluded  to,  which  I 
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doubt,  this  is  all  a  mistake.  Close  to  this  star,  so  near,  in  fact, 
that  to  see  them  the  star  has  to  be  placed  out  of  the  field  of  the 
tdesocope,  are  four  nebulae  with  which  I  have  been  familar  for 
more  than  thirty  years.  They  or  it,  as  he  supposed,  were  discov- 
ered by  Sir  Wm.  Herschel  on  New  Year's  Day,  1786,  and  registered 
as  number  28  of  his  class  V  (large)  and  described  as  having  **  dif- 
fused nebulosity."  Auwers'  description  says  "divided  in  three  or 
four  large  patches  including  a  dark  space.  Cannot  take  up  less 
than  one  half  a  degree,  but  I  suppose  it  to  be  much  more  exten- 
sive." Dreyer,  in  New  General  Catalogue,  where  its  number  is 
2024,  after  calling  it  a  wonderful  object  says  of  it,  "  irregularly 
resolvable,  very,  very  large  black  space  inclosed."  Of  these  de- 
scriptions Auwers'  appears  to  me  to  be  the  only  correct  one.  As 
to  its  resolvability  I  have  very  many  doubts.  Formerly,  before 
the  sky  was  illuminated  by  the  electric  lights,  I  saw  them  (for 
there  are  certainly  four)  as  well  with  my  4?^inch  as  latterly  with 
my  16-inch  telescope.  To  see  it  well  about  one-fourth  of  the  field 
should  be  hidden  by  a  bit  of  smoked  mica.  This,  if  the  eyepiece  be 
properly  rotated,  will  bring  them  into  the  center  of  the  field  with 
the  star  obscured. 

My  reasons  for  calling  the  attention  of  amateurs  to  this  object 
are  threefold: 

1.  To  correct  the  statement  that  it  was  discovered  by  photo- 
graphy. 

2.  To  suggest  that  it  is  visible  in  small  telescopes  by  getting  the 
star  out  of  the  field. 

3.  Because  of  the  astonishing  fact  that»  though  5^  distant,  it 
has  been  proved  to  be  connected  with  the  great  nebula  itself. 

Sir  William  Herschel  supposed  he  had  discovered  a  very  large, 
very  faint  nebula  surrounding  Epsilon  Orionis  (the  Belt's  middle 
star).  For  this  I  have  sought  many  times  with  both  telescopes, 
but  ^always  in  vain,  having  never  been  able  to  detect  anything 
more  than  the  faint  glow  which  surrounds  every  bright  star. 
Auwers  is  inclined  to  believe  in  its  existence,  and  Dr.  Dreyer 
states  that  he  has  seen  it  at  the  Armagh  Observatory  as  an  ex- 
ceedingly diffused  nebula  of  the  Merope  type.  This  assertion 
that  the  star  is  eccentrically  situated  in  the  nebula,  argues 
strongly  against  the  glow  hypothesis.  There  is  a  black  opening 
or  bay  running  into  the  nebula  at  the  end  of  which  small  tde- 
scopes  reveal  four  faint  stars  which,  though  on  three  sides  close  to 
the  nebula  appear  to  be  not  involved  with  it.  The  group  is 
named  the  trapezium  of  Orion.  Large  telescopes  show  two  of 
the  stars  to  be  double.    Much  speculation  has  been  had  as  to  the 
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cause  of  the  exceeding  blackness  of  the  opening.  The  same  phen- 
omenon may  be  obseryed  in  hundreds  of  places  in  the  Milky  Way, 
though  most  of  these  are  small.  A  few«  however,  are  large,  one 
notably  so,  viz.:  the  coal-sack  of  Sagittarius  which  nearly  fills  the 
field  of  my  16-inch  glass,  and  within  which  but  three  stars  are 
found  and  one  of  those  very  difiicult  to  perceive.  Two  opinions 
are  advanced  to  account  for  the  excessive  blackness:  Barnard, 
who  has  photographed  it,  revealing  on  the  negative  plate  thous- 
ands of  stars  too  faint  to  be  detected  by  any  telescope,  thinks, 
as  did  Herschel,  that  it  is  simply  an  opening,  while  others  ascribe 
it  to  a  black  nebula  existing  between  us  and  it.  Having  given 
some  attention  to  these  "coal-sacks,"  especially  to  this  one  and 
the  many  scattered  over  the  constellation  of  Cygnus,  I  have  come 
to  the  conclusion  that  this  darkness  is  not  real,  and  that,  in  truth, 
they  are  no  blacker  than  other  portions  of  the  sky,  but  that  their 
apparent  blackness  is  due  wholly  to  the  efiect  of  contrast  with 
the  brightness  of  their  surroundings.  As  to  the  final  history  of 
such  a  gigantic  volume  of  self-luminous  matter,  the  largest  object 
on  vvhich  the  eye  of  man  has  ever  rested,  or  the  source  of  its  self- 
luminosity  it  would  be  idle  to  speculate. 


YARIABLK  STAJRS.    II. 


J.  A.  PARKHURST. 


In  my  first  paper  in  the  November  Popular  Astronomy  I  gave 
the  classification  of  variables  vvith  regard  to  their  length  of  pe- 
riod. Before  passing  to  the  methods  of  observation  the  color  of 
rariables  should  be  mentioned. 

For  some  unknown  reason  the  variables,  if  not  white,  are  yel- 
low, or  orange,  or  red,  and  as  a  rule  the  longer  the  period,  the 
more  intense  is  the  redness.  Dr.  Chandler  has  expressed  the  red- 
ness in  a  decimal  scale  in  which  0  corresponds  to  white  and  10  to 
the  most  intense  red  known  in  stars.  Measured  on  this  scale  the 
stars  with  periods  of  from  160  to  600  days  show  a  steady  in- 
crease in  redness.  This  will  be  seen  from  the  following  table  in 
which  the  first  column  gives  the  limits  of  the  periods,  the  second^ 
the  number  of  stars,  and  the  third  the  average  redness. 

Period.  No.  Redness. 


150  to  200 

9 

2.3 

200  "  260 

13 

2.6 

250  "  800 

24 

3.4 

300  •'  350 

25 

3.8 

350  "  400 

23 

4.6 

400  "  450 

11 

6.1 

460  "  500 

4 

8.1 
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Designation  of  Variables. 

The  earliest  mode  of  namiDg  variables  was  by  capital  letters, 
beginning  with  R  (suggesting  the  redness  generally  accompany- 
ing variability)  prefixed  to  the  name  of  the  constellation.  Thus 
R  Cassiopeiae  stands  for  the  first  variable  discovered  in  Cassio- 
peia. When  the  final  letters  of  the  alphabet  are  exhausted,  they 
are  doubled.  Thus  we  have  RR,  RS,  and  RT  Cygni,  etc.  But  so 
much  confusion  has  arisen  from  different  letters  being  assigned 
to  the  same  star  by  different  authorities  that  Dr.  Chandler  has 
devised  a  more  complete  method  by  which  that  difficulty  is 
avoided.  The  star's  Right  Ascension  for  the  year  1900  is  reduced 
to  seconds  of  time  and  one  tenth  of  the  number  is  taken.  For 
instance  the  Right  Ascension  of  U  Geminorum  for  1900  is  7*"  49™ 
10*,  which  equals  28,150*,  so  its  number  is  2815.  When  a  star 
is  suspected  to  be  variable  the  number  is  placed  in  parenthesis ; 
when  the  variability  is  proved  the  parenthesis  is  removed  and 
the  letter  assigned.  Thus  (1805)  Ononis  is  a  star  in  Orion 
whose  variability  is  suspected  by  Boss,  and  2815  D  Geminorum 
is  the  full  designation  of  a  star  proved  to  be  variable. 

Methods  of  Observation. 

The  best  method  of  observing  a  variable  consists  in  compar- 
ing it  with  a  star  a  little  brighter  and  one  a  little  fainter.  In  this 
way  small  changes  of  light  can  be  readily  detected,  and  with 
practice  quite  accurately  estimated.  Since  only  the  relative  light 
of  two  stars  is  concerned  the  accuracy  of  the  observation  will  be 
but  slightly  affected  by  altitude,  haze,  moonlight  or  twilight, 
while  the  absolute  brightness  might  be  greatly  changed  by  such 
varying  conditions. 

There  are  several  ways  of  estimating  the  interval  in  bright- 
ness between  the  variable  and  the  comparison  star,  but  all 
things  considered  the  method  known  as  Argelander's  seems  the 
best.  It  is  as  follows :  Select  a  star  slightly  brighter  than  the 
variable,  calling  it  a,  also  one  slightly  fainter,  call  it  b.  If  the 
variable  seems  equal  to  a  the  observation  can  be  recorded  ar  or 
va,  (the  variable  being  designated  by  v). 

If  a  is  a  little  brighter  than  the  variable  but  to  such  a  slight 
degree  that  you  could  not  imagine  a  star  between  them  in  bright- 
ness and  distinguishable  from  each,  the  observation  is  recorded 
a  1  v,  the  brighter  star  always  written  first.  This  interval  is 
called  a  step  or  grade,  and  practically  is  the  smallest  interval  in 
brightness  which  the  observer  can  detect,    If  the  interval  is  such 
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that  a  star  can  be  imagined  between  a  and  v  differing  a  step  from 
each,  the  record  is  a  2  r,  if  the  interval  is  a  little  greater,  it  will 
be  a  3  r.  Intervals  exceeding  three  or  foar  steps  are  uncertain, 
so  that  comparison  stars  should  be  selected  within  a  few  steps  of 
the  brightness  of  the  variable  if  possible. 

In  the  same  way  compare  the  variable  with  a  fainter  star  b, 
and  make  the  record  vlb,  v  2  ib,  as  the  case  may  be,  always 
writing  the  brighter  star  first.  The  value  of  a  step  will  of  course 
be  different  with  different  observers,  but  this  is  immaterial.  With 
practice  it  will  become  quite  a  constant  quantity  with  the  same 
aperture  and  magnifying  power  but  will  decrease  if  an  eye-piece 
of  higher  power  is  used.  The  value  of  a  step  with  experienced 
observers  is  generally  about  one-tenth  of  a  magnitude,  for  the  be- 
ginner it  is  apt  to  be  somewhat  larger. 

Pickering  suggests  another  method  of  estimating  the  interval 
between  the  variable  and  the  comparison  stars.  "Select  two 
stars  for  comparison,  one  a  slightly  brighter  than  the  star  to  be 
measured,  the  other  fc,  slightly  fainter.  Estimate  the  brightness 
of  y  in  tenths  of  the  interval  from  a  to  b.  Thus  if  f  is  midway 
between  a  and  b  the  interval  will  be  five-tenths,  and  we  may 
vmte  a  5  b.  If  v  is  nearly  as  bright  as  a  we  may  have  a  1  b  or  a 
2  b.  If  F  is  not  much  brighter  than  b  we  may  have  a  8  b  or 
a  9  6." 

In  comparing  these  two  methods  probably  nine  out  of  ten 
would  at  first  prefer  the  latter,  but  after  a  little  experience  would 
find  Argelander's  better.  The  great  superiority  of  the  step 
method  lies  in  the  fact  that  the  observations  may  be  reduced  and 
the  star's  light  curve  drawn,  its  maximum  and  minimum  deter- 
mined, without  any  previous  knowledge  of  the  magnitudes  of  the 
comparison  stars.  The  observations  themselves  furnish  a  value 
for  the  brightness  of  the  comparison  stars  by  means  of  which  a 
"light  scale"  can  be  formed  and  the  variable's  light  curve  drawn. 
If  the  observer  already  has  well  determined  values  of  the  magni- 
tude of  the  comparison  stars,  this  advantage  would  not  count, 
but  in  general  he  will  not  have,  so  the  method  by  which  such 
values  become  unnecessary  will  be  a  great  boon. 

The  method  of  reducing  the  observations,  drawing  the  light 
curve  and  finding  from  it  the  maximum  and  minimum,  will  form 
the  subject  of  the  next  paper.  In  the  mean  time  some  sugges- 
tion^ in  regard  to  details  of  the  observations  will  be  in  order. 

The  observer  will  need  a  list  of  comparison  stars  ranging  in 
brightness  from  a  little  above  the  variable  at  its  maximum  to  a 
little  below  it  at  its  minimum.    This  list  need  not  all  be  selected 
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Sit  once,  indeed  tbe  exact  brightness  of  the  variable  at  maximum 
or  minimum  may  not  be  known ,  but  stars  may  be  added  to  it 
from  time  to  time  as  they  are  needed.  The  stars  should  be,  if  pos- 
sible, not  more  than  five  or  six  steps,  say  half  a  magnitude, 
apart,  and  are  most  convenient  if  they  are  so  placed  that  each 
can  be  s^en  in  the  same  field  with  variable  with  the  lowest  power 
eyepiece.    This  ideal  selection  of  comparison  stars  is  not  aJways 
possible,  one  is  often  compelled  to  choose  between  stars  of  conve- 
nient distance  but  large  intervals  in  brightness,  and  good  inter- 
vals but  inconvenient  distances.    Avoid  choosing  a  comparison 
star  close  to  a  brighter  star  as  the  estimate  of  the  fainter  star 
will  thus  become  difficult  and  uncertain.    Do  not  choose  a  double 
star  if  the  components  are  visible  vrith  the  power  used.    Make  a 
sketch  of  the  relative  positions  of  the  variable  and  the  compari- 
son stars  chosen,  as  well  as  any  other  stars  near.    Letter  the 
comparison  stars  with  small  letters,  beginning  with  either  the 
brightest  or  the  faintest  star  used.  In  this  way  stars  will  always 
be  designated  in  the  record  by  letters  and  intervals  by  numbers, 
and  thus  confasion  will  be  avoided.  Low  altitude,  haze,  twilight 
or  moonlight  injure^  the  quality  'of  the  observations  to  some 
extent,  since  they  affect  white  and  red  stars  differently.    Red 
stars  gain  in  relative  brightness  when  viewed  under  those  condi- 
tions, and  as  a  rule  the  variable  is  red  and  the  comparison  stars 
white.    If  observations  are  made  at  such  times  the  record  should 
show  it,  so  that  less  weight  may  be  given  to  the  observation  and 
any  resulting  anomalies  accounted  for.    Note  the  time  of  the 
observation,  if  of  an  Algol  star  the  hour  and  minute,  if  a  long 
period  variable  the  hour  will  suffice.    It  is  best  to  bring  the  star 
observed  to  the  center  of  the  field,  or  if  the  two  stars  to  be  com- 
pared are  not  far  apart,  place  them  at  equal  distances  from  the 
center.    A  star  looks  brighter  near  the  edge  of  the  field  than  at 
the  center.    It  is  better  to  look  carefully  at  each  star  separately, 
glancing  back  and  forth  several  times,  rather  than  to  try  to  see 
two  stars  at  once.    The  lowest  power  eyepiece  is  the  most  conve- 
nient to  use,  since  it  gives  the  vridest  field  and  the  best  choice  of 
comparison  stars.   As  far  as  possible  use  the  same  eyepiece  for  all 
the  observations  of  a  given  star.    Do  not  use  too  large  an  aper- 
ture with  bright  stars.    When  the  variable  is  of  the  sixth  to  eight 
magnitude  two  inches  aperture  is  better  than  three  or  four.    The 
eye  is  not  sensitive  to  small  differences  in  bright  stars.  « 

The  light  used  in  consulting  charts  and  making  records  should 
be  no  brighter  than  necessary.  The  eye  should  be  screened  at  all 
times  from  its   direct  rays,   and  the  comparisons  themselves 
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should  be  made  in  darkness.  The  ideal  light  is  a  one-half  or  one 
candle  power  incandescent  lamp.  This  may  be  run  by  two 
chromic  acid  or  storage  cells,  or  by  four  Leclanch^  or  dry  cells. 
The  writer  uses  a  one-half  candle  power  Bdison  lamp  run  by  three 
storage  cells,  the  latter  charged  by  ten  gravity  cells.  Three  stor- 
age cells  are  used  because  the  battery  is  in  the  cellar  three  hun- 
dred feet  from  the  Observatory.  The  gravity  cells  are  recharged 
only  once  in  three  weeks,  so  that  the  expense  is  small  and  the 
convenience  great. 

The  accompanying  table  and  charts  will  aid  the  amateur  in 
identifying  specimen  variables. 
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The  chart  for  U  Arietis  is 
taken  from  Astronomy  and 
'Astro-Pbysics  for  October, 
1892.  The  position  of  the 
variable  is  shown  by  the  ar-^ 
rows.  The  stars  shown  are 
from  the  8.7  to  11.5  magni- 
tudes. Only  one  maximum 
of  this  star  has  been  ob- 
served visually,  1893,  Jan. 
1.  Its  period  is  not  definite- 
ly known,  and  observa* 
tions  are  needed.  The  star 
is  5^  south  of  the  4th  mag- 
nitude star  d  Arietis. 
The  other  three  charts  are 
drawn  from  the  Astronomiscbe  Gesellscbafi  Zone  Catalogues. 
All  the  stars  to  about  the  9th  magnitude  are  shown  besides  some 
fainter  stars  near  the  variable,  which  is  indicated  by  a  dot  in  a 
circle,  the  conventional  symbol  for  a  variable.  It  will  be  noticed 
that  the  charts  are  drawn  inverted,  as  the  stars  appear  in  an  as- 
tronomical eyepiece,  with  north  at  the  bottom,  west  to  the  left. 

B  Cassiopeise  is  Tycho  Brahe's  New  Star  of  1572.  It  can  be 
readily  located  from  the  star  marked  x  (4.3  magnitude),  the 
northernmost,  and  faintest,  of  the  four  stars  forming  the  seat  of 
the  "chair."    In  answer  to  D.  F.'s  query  in  the  October  Popui^ar 
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Astronomy  page  96,  I, 
would  say  that  if  by  30' 
Right  Ascension  he  means 
30™,  the  star  he  observed 
was  12"  east  of  B,  if  he 
means  30'  his  star  was 
16""  too  far  west.  There 
is  no  star  visible  exactly 
in  the  position  given  by 
Tycho,  but  the  two  faint 
stars  shown  near  it 
should  be  watched.  They 
were  of  the  11th  or  12th 
magnitude  Nov.  13, 1893, 
and  require  a  four-inch 
telescope  to  see  them 
well.  (See  October  num- 
ber, p.  91.) 

R  Draconis  is  5*^  north 
and  %°  east  of  the  third 
magnitude  star  tf  Draco- 
nis. T  Cephei  is  2^  south 
and  1^  west  of  /?  Cephei 
(3rd  magnitude).  All 
three  stars,  U  Arietis,  R 
Draconis  and  T  Cephei 
will  be  near  the  9th  mag- 
nitude in  December.  Ob- 
servation should  be  made 
and  reported. 

If  the  observer  has 
neither  Heis',  Proctor's 
nor  Klein's  atlas, 
Young's  Uranography 
(Ginn  &  Co.,  35  cents), 
will  be  found  very  con- 
venient for  locating  vari- 
ables. 

Don't  record  your  ob- 
servations on  slips  of 
paper.  Draw  sketches 
and  make  records  in  a 
note  book.    Date  the  ob- 
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serrations  and  record  the  quality  of  the  seeing.    Peel  free  to  ask 
questions. 

In  the  next  paper  the  list  of  variables  will  be  extended  and 
methods  of  reduction  given. 

Marbngo  Observatory, 
1893,  Nov.  1. 


DANIBL  KIRKWOOD. 


WM.  W.  PATNB. 


Daniel  Kirkwood,  the  subject  of  this  brief  sketch,  who  resides 
at  Riverside,  California,  and  who  is  now  in  feeble  health,  was 
bom  in  Harford  County,  Maryland,  September  27,  1814. 
His  parents,  John  and  Agnes  (Hope)  Kirkwood,  were  both  na- 
tives of  Maryland,  of  Scotch-Irish  descent,  his  ancestry  having 
filled  positions  in  the  Presbyterian  church  for  nearly  two  cen- 
turies.   His  father's  farm  was  not  very  productive,  and  a  resi- 
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dence  on  it  afforded  indifferent  prospects  for  acquiring  an 
education.  His  early  efforts  with  that  end  in  view  are  remem- 
bered as  he  informs  us  with  mingled  emotions  of  pain  and  pleas- 
ure. The  boy  in  early  life  planned  perhaps  sometimes  not  wisely 
for  the  future. 

The  morning  in  May,  1822,  is  well  remembered  when  his  sister 
and  himself,  with  their  dinners  safely  wrapped  in  a  small  basket, 
started  to  a  school  kept  by  a  Mr.  Roderic  Slayman,  at  Mount 
Horeb  two  miles  east  of  his  father's  place.  His  mother's  admo- 
nitions are  not  forgotten — ^her  cautions  in  regard  to  his  intimate 
associates,  careful  attention  to  Mr.  Slayman's  instructions, 
etc.  His  reading  book  (which  has  been  lost  for  two-thirds  of  a 
century)  was  '^Tbe  Economy  of  Human  Life,*'  It  seemed  to 
have  been  based  on  Chinese  maxims,  the  philosophy  of  Confucius, 
etc.  The  New  Testament  was  taken  later.  Life  was  then  new. 
Dreams  of  the  future  had  not  yet  stirred  the  young  blood.  If 
distant  glimpses  of  the  years  to  come  were  sometimes- 
caught  they  were  temporary.  Several  years  later  the  mysteries 
of  numbers  were  encountered.  New  questions  arose.  At  nine- 
teen the  thought  of  teiaching  occurred.  A  small  country  school 
in  Hopewell,  York*^  Coun,ty,  Penn.,  was  taken.  Among  his 
scholars  a  young  mah,  who  subsequently  became  a  successful 
minister,  presented  himself.  Mr.  Kirkwood  relates  this  incident 
in  regard  to  this  young  man:  **  *Do  you  teach  Algebra?"  He 
asked  me.  I  answered,  'No.  I  have  heiard  it  spoken  of.  The 
letters  of  the  alphabet  are  used  instead  of  figures,  but  I  have 
not  learned  how  to  use  them.'  A  neighbor  of  his  had  bought  an 
old  copy  of  Bonnycastle's  Algebra  at  a  book-auction,  and  dis- 
posed of  it  to  the  student.  He  brought  the  book  with  him, 
and  together  we  solved  its  mysteries.  The  next  spring,  1834, 1 
found  my  way  to  the  York  County  Academy,  of  which  the  Rev. 
Stephen  Boyer,  an  alumnus  of  Jefferson  College,  was  Principal. 
He  at  Once  assigned  me  to  the  Elements  of  Euclid,  and  started 
me  on  a  course  of  mathematical  study.  My  residence  was  with 
Professor  Boyer  till  1843,  his  faithfulness  as  a  teacher  and  as  a 
friend  was  long  appreciated." 

In  speaking  of  early  years  Mr.  Kirkwood  says  the  instructors 
of  his  youth  have  been  remembered  with  gratitude.  Roderic 
Slayman.  John  Sharp,  Henry  Fulton,  Dr.  Joshua  W.  Bennett, 
John  B.  Henderson  and  Rev.  Stephen  Boyer,  A.  M.,  inspired  his 
ambition.  To  the  last  named  in  particular,  from  early  man- 
hood, he  felt  under  strong  obligations.  Entering  his  family 
about  1834,  he  continued  a  member  till  elected  Principal  of  the 
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Lancaster  High  School,  in  November,  1843.  While  in  Lancaster, 
Mr.  Kirkwood  was  united  in  marriage  with  Miss  Sarcth  A.  Mc- 
Nair.  The  ceremony  was  performed  by  Rev.  Alfred  Hamilton, 
Pastor  of  Fagg's  Manor  Presbyterian  church,  Chester  County, 
Pennsylvania,  December  25, 1845. 

Mr.  Kirkwood  received  the  honorary  degree  of  Master  of  Arts 
from  Washington  College,  Pennsylvania,  in  1848;  and  that  of 
Doctor  of  Laws  from  the  University  of  Pennsylvania  in  1852. 
He  is  the  well  known  author  of  Meteoric  Astronomy,  Comets 
and  Meteors  and  The  Asteroids,  published  by  Lippincott  &  Co., 
Philadelphia,  1867—1888.  He  has  been  a  professor  in  Delaware 
College,  in  the  University  of  Indiana  and  in  Washington  and  Jef- 
ferson College.  At  the  opening  of  the  Leland  Stanford,  Jr.,  Uni- 
versity, in  California,  he  was  invited  to  accept  the  appointment 
of  Non  Resident  Lecturer  on  Astronomy. 

He  is  now  in  the  eightieth  year  of  his  age  and  still  has  a  lively 
interest  in  the  recent  advancement  of  science  and  writes  for  pub- 
lication as  his  strength  will  allow. 


THB  SPBCTROSCOPB  AND  SOMB  OF  ITS  APPl^ICATIONS. 


JAMBS  B.  KBBLBR. 


III.    Practical  Detaik  Relating  to  the  Adjustment  and  Use  of  the 

Instrument. 

A  spectroscope  like  that  described  in  my  first  article  can  be 
made  without  much  difficulty  by  the  amateur  possessed  of  a  fair 
amount  of  mechanical  skill,  with  the  exception  of  the  prism, 
which  may  reasonably  be  assumed  to  be  beyond  his  powers. 
Small  spy-glasses  with  objectives  from  %-inch  to  1-inch  aperture 
can  be  bought  for  less  than  two  dollars  apiece,  and  their  objec- 
tives are  sometimes  surprisingly  good;  at  any  rate  they  are  good 
enough  for  the  low  power  of  seven  or  eight  which  is  all  that  is 
required  for  the  spectroscope.  One  of  these  spy-glasses  will  do 
for  the  observing  telescope,  although  the  terrestrial  eyepiece 
could  be  advantageously  replaced  by  an  astronomical  one  of 
about  an  inch  focus,  and  the  other  can  be  transformed  into  a  col- 
limator by  removing  the  eyepiece  and  fitting  a  slit  into  its  place. 
The  telescope  and  prism  should  be  mounted  on  a  small  wooden 
or  metal  table,  in  a  manner  which  will  readily  occur  to  anyone 
with  a  mechanical  turn  of  mind. 
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The  slit  requires  some  careful  work,  as  any  little  irregularity  in 
its  jaws  will  show  in  the  spectrum.  The  reason  of  this  is  evident; 
in  observing  the  solar  spectrum  the  slit  is  very  narrow,  say  not 
more  than  a  thousanth  of  an  inch  wide,  and  hence  a  variation  of 
a  fraction  of  this  width  will  make  a  perceptible  diflFerence  in  the 
amount  of  light  admitted.  The  jaws  must  be  filed  as  straight  as 
possible,  and  then  ground  together  with  fine  emery  until  they  fit 
exactly.  In  fine  instruments  the  jaws  are  made  of  very  hard  steel 
or  other  hard  substance  to  avoid  danger  of  nicking.  When  they 
are  mounted,  one  jaw  may  be  held  with  a  single  screw  so  that  it 
can  readily  be  made  parallel  to  the  other,  or  movable  one.  If  the 
slide  of  the  latter  is  not  carefully  fitted,  the  slit  will  be  liable  to 
open  faster  at  one  end  than  at  the  other,  a  fault  which  is  very 
annoying  in  observation. 

I  have  referred  to  the  prism  as  offering  special  difficulties  of  con- 
struction, and  it  may  be  worth  while  to  consider  what  they  are. 
We  have  seen  that  in  order  to  give  a  distinct  image  of  the  slit,  /.  e. 
a  sharp  spectral  line,  the  surfaces  of  the  prism  must  be  flat  and 
the  glass  homogeneous,  for  otherwise  the  parallel  rays  which  fall 
on  the  prism  will  not  be  parallel  on  leaving  it.  Now  these  condi- 
tions are  not  easily  met,  with  the  accuracy  which  is  requisite.  In 
ordinary  language  we  speak  of  a  table-top  or  a  window-pane  as 
being  flat,  but  in  optics  we  are  held  to  a  much  stricter  interpreta- 
tion of  "flatness."  As  all  human  workmanship  is  imperfect,  it  is 
a  matter  of  great  interest  to  determine  bow  nearly  Sat  the  sur- 
face of  a  prism  must  be  in  order  to  give  good  definition,  or  more 
generally,  how  great  a  deviation  is  permissible  in  any  optical 
surface  from  the  true  mathematical  form  which  it  should  have. 
The  answer  to  this  important  question  is  given  by  the  wave- 
theory  of  light,  and  it  has  been  shown  that  no  considerable  part 
of  a  wave-front  of  light  should  be  more  than  a  quarter  of  a 
wave-length  from  its  proper  place.  A  reflecting  surface  should 
therefore  be  true  to  within  one-eighth  of  a  wave-length,  (the 
light  has  both  to  pass  into  and  out.  of  any  depression),  while  a 
refracting  surface  of  ordinary  glass  may  be  in  error  by  half  a 
wave-length  without  producing  a  greater  error  than  a  quarter 
wave-length  in  the  refracted  wave,  the  exact  amount  depending 
upon  the  refractive  power  of  the  glass.  The  small  effect  of  ob- 
lique incidence  of  the  light  is  not  considered. 

These  results  find  immediate  application  in  many  practical 
problems.  We  may  consider,  for  instance,  (to  make  a  slight  di- 
gression), the  highly  interesting  case  of  the  silvered-glass  reflector 
and  inquire  whether  irregularities  in  the  silver  film  can  injuriously 


Digitized  by 


Google 


James  E.  Keekr.  171 


aflect  the  image.  Dr.  Draper  found  that  the  silver  film  on  his 
mirrors  was  iWrrf  of  an  inch  thick,  which  is  about  a  quarter  of 
a  wave-length  of  light.  As  variations  in  the  thickness  could 
hardly  be  supposed  to  exceed  half  this  amount,  and  are  probably 
very  much  smaller,  we  conclude  that  the  mirror  is  optically  of 
exactly  the  same  figure  as  if  it  were  unsilvered. 

Returning  to  the  prism,  we  see  that  its  surfaces  should  be  true 
to  within  about  half  a  wave-length,  or  ^^^^^^  of  an  inch ;  as 
there  are  two  surfaces  which  might  possibly  act  together  in  pro- 
ducing errors,  perhaps  we  should  say  to  within  half  this  amount. 

Exacting  as  these  requirements  seem  to  be,  they  are  easily  met, 
and  even  greatly  exceeded,  by  modem  opticians.  I  have  in  my 
possession  a  small  flat  piece  of  glass  by  Mr.  Brashear,  the  sur- 
face of  which  has  no  error  exceeding  one-twentieth  of  a  wave- 
length, or  about  the  millionth  part  of  an  inch.*  Probably  this 
degree  of  accuracy  has  never  been  surpassed.  Holding  the  glass 
between  the  fingers  instantly  destroys  the  perfection  of  its  figure. 

It  is  possible  for  the  errors  in  one  surface  of  the  prism  to  cor- 
rect those  in  the  other,  although  as  the  tendency  in  polishing  is 
to  make  the  surface  convex,  such  a  compensation  is  not  likely  to 
occur.  Nearly  all  the  older  prisms  I  have  examined  have  convex 
faces,  and  sometimes  exhibit  large  and  curious  irregularities  of 
figure.  Such  prisms  may  be  serviceable,  although  they  will  not 
give  the  best  results.  The  accuracy  which  I  have  described  is 
equivalent  to  perfection,  and  something  short  of  perfection  can 
be  tolerated. 

If  the  glass  is  not  homogeneous  the  parallelism  of  the  rays  will 
likewise  be  destroyed,  and  the  Praunhofer  lines  cannot  be 
brought  sharply  into  focus  when  the  prism  is  used  in  the  spectro- 
scope. If  the  surfaces  are  found  to  be  flat,  a  prolariscope  will 
generally  show  strains  in  the  glass,  due  to  imperfect  annealing. 
Only  the  best  optical  glass  is  suitable  for  fine  prisms. 

In  adjusting  the  spectroscope,  the  refracting  edge  of  the  prism 
must  be  placed  perpendicular  to  the  plane  containing  the  collim- 
ator and  the  telescope,  i.e,  vertical,  if  the  prism  table  is  horizon- 
tal. Sufficient  accuracy  can  be  insured  by  rotating  the  prism 
slightly  about  the  position  of  minimum  deviation,  and  ob- 
serving whether  the  spectrum  remains  central  in  the  field  of  the 
observing  telescope  as  it  travels  to  and  fro.  If  it  rises  or  falls, 
one  of  the  prism  angles  requires  elevation.     A  small  obstacle 


*  Such  minute  errors  as  this  caunot  of  cotirse  be  directly  measured,  or  eren 
detected  by  the  common  method  of  testing  the  reflection  from  the  surface  with  a 
telescope.    Delicate  interference  methods  most  be  nsed. 
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placed  on  the  center  of  the  slit  will  produce  a  strong  "  dust-line" 
in  the  spectrum,  which  may  be  of  assistance  in  making  this  ad- 
justment. 

The  slit  must,  as  we  have  seen,  be  placed  in  the  principal 
focus  of  the  collimator  lens,  in  order  that  the  rays  falling  on 
the  prism  may  be  parallel.  The  usual  method  of  eflfecting 
this  adjustment  is  as  follows :  the  telescope  is  removed  from  the 
spectroscope,  and  focused  on  a  distant  object,  the  eyepiece  having 
first  been  focused  on  the  cross-wires,  if  there  are  any.  Then  the 
telescope  is  placed  so  as  to  look  directly  into  the  collimator,  and 
the  slit  is  focused  until  it  is  distinctly  seen ;  the  slit  is  then  (optic- 
ally) at  the  same  distance  as  the  object  on  which  the  focus  of  the 
telescope  was  adjusted. 

There  is  another  method  of  making  this  adjustment  which  is 
more  accurate  than  the  preceding  one,  and  which  does  not  require 
the  telescope  to  be  removed  from  the  apparatus.  The  prism  must 
be  movable.  To  adjust  the  collimator  and  telescope  by  this 
method  the  observer  should  proceed  as  follows :  set  the  slit  by 
guess,  and  focus  the  telescope  on  some  particular  line  in  the  spec- 
trum when  the  prism  is  in  minimum  deviation,  first  focusing  the 
eyepiece  on  the  cross-wires,  if  there  are  any,  when  the  same  line 
is  in  the  center  of  the  field.  Now  rotate  the  prism  slightly,  in 
such  a  direction  that  the  light  falls  more  obliquely  on  its  first 
face,  so  as  to  displace  the  line  perhaps  half  the  breadth  of  the 
field,  and  move  the  telescope  until  the  line  is  in  the  center  of  the 
field  again.  The  line  will  generally  appear  much  blurred.  Focus 
the  telescope  until  it  is  seen  distinctly,  without  disturbing  the 
collimator,  and  then  rotate  the  prism  back  past  the  position  of 
minimum  deviation,  and  beyond  it,  until  the  same  line  is  brought 
to  the  center  of  the  held  again,  the  rest  of  the  apparatus  remain- 
ing unchanged.  The  line  will  probably  be  blurred.  Focus  the 
collimator  this  time  until  the  line  is  sharp,  and  repeat  the  opera- 
tion, always  focusing  the  telescope  in  the  first  position  of  the 
prism  and  the  collimator  in  the  second,  until  no  further  change  is 
required.  This  method  is  so  accurate  that  the  difference  of  focus 
of  the  lenses  for  different  parts  of  the  spectrum  can  easily  be 
measured. 

Since  in  the  first  position  of  the  prism  the  dispersion  is  less  and 
in  the  second  position  greater  than  in  the  position  of  minimum 
deviation  (see  the  experiment  of  our  first  article),  we  may  lay 
down  the  followin/a:  rule  for  this  method  of  adjustment,  in  which 
it  is  not  necessary  to  remember  the  angles  of  incidence  on  the 
prism  faces ;  focus  the  telescope  when  the  dispersion  is  diminished^ 
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and  the  collimator  when  it  is  increased.  As  the  spectnsm  is  al- 
ways under  the  eye  of  the  observer,  there  is  no  danger  of  mistak- 
ing the  position  of  the  prism  when  this  rule  is  used.  If  the  prism 
is  used  in  the  wrong  position  every  time,  the  telescopes  will  get 
farther  and  farther  oat  of  focns,  instead  of  continually  approxi- 
mating toward  it. 

The  rationale  of  the  process  is  briefly  outliued  below.  Parallel 
rays  falling  on  a  prism  remain  parallel  after  passing  through  it, 
in  all  positions  of  the  prism,  but  rays  that  are  inclined  to  each 
other  will  have  their  inclination  changed,  unless  the  prism  is  in 
the  poisition  of  minimum  deviation.  Suppose  that  in  setting  the 
slit  by  guess,  it  is  placed  inside  the  principal  focus;  then  the  rays 
coming  from  the  collimator  will  diverge,  as  if  they  came  from  an 
object  (say)  25  feet  away,  and  the  telescope,  when  focused  on  the 
slit,  or  on  the  lines  in  the  spectrum  with  the  prism  set  to  mini- 
mum deviation,  will  be  adjusted  for  an  object  at  this  distance. 
When  the  prism  is  turned  to  position  1,  the  divergence  of  the  rays 
passing  through  it  is  diminished,  as  if  they  came  from  an  object 
(say)  100  feet  distant,  and  if  the  telescope  is  now  focused  on  the 
lines  it  will  be  set  for  an  object  at  this  distance,  and  will  be  more 
nearly  right  than  it  was  before.  On  turning  the  prism  to  mini- 
mum deviation,  and  focusing  the  slit,  the  optical  distance  of  the 
slit  will  be  increased  to  100  feet ;  or  by  focusing  when  the  prism  is 
in  position  2,  something  still  greater,  so  that  by  a  series  of  ap- 
proximations, the  optical  distance  of  the  slit  is  made  infinite,  and 
the  rays  emerging  from  the  collimator  are  parallel.  The  process 
described  above  in  general  terms  is  readily  followed  mathemati- 
cally. 

In  observing  the  Praunhofer  lines  it  will  be  noticed  that  the 
focus  of  the  telescope  has  to  be  changed  considerably  in  passing 
from  one  end  of  the  spectrum  to  the  other,  although  the  lenses  of 
both  telescope  and  collimator  are  nominally  achromatic.  This 
change  is  inconvenient  and  objectionable,  particularly  if  distances 
between  lines  are  to  be  measured,  as  any  disturbance  of  the 
adjustments  between  the  settings  is  liable  to  introduce  errors ; 
but  it  cannot  be  helped.  With  simple  lenses,  (which  it  has  been 
suggested  might  be  used  in  a  spectroscope,  since  each  line  is 
formed  of  monochromatic  rays),  the  difficulty  would  be  very 
much  increased,  so  that  only  a  very  small  part  of  the  spectrum 
could  be  seen  distinctly  at  one  time.  For  general  purposes  there- 
fore the  lenses  should  be  achromatic,  and  in  a  fine  instrument  the 
eyepiece  should  be  achromatic  also.  Even  then,  as  the  eye  itself 
is  not  perfectly  achromatic,  the  cross-wires  cannot  always  be 
sharply  seen  without  changing  the  adjustment  of  the  eyepiece. 
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In  the  spectroscope  which  I  have  described,  the  Praunhofer  lines 
are  not  perfectly  straight,  but  slightly  curved,  the  convex  side 
being  turned  toward  the  red  end  of  the  spectrum.  Rays  from  the 
top  of  the  slit  are  converged  to  form  the  lower  end  of  its  image 
and  therefore  pass  obliquely  through  the  prism.  Only  the  rays 
which  come  from  the  centre  of  the  slit  and  go  to  the  center  of  the 
image  pass  through  the  prism  in  a  horizontal  direction,  and  as 
the  angle  between  the  sides  of  the  prism  is  greater  in  an  oblique 
than  in  a  horizontal  section,  the  oblique  rays  are  slightly  more 
deviated.  Formulae  have  been  obtained  for  the  curvature  of  the 
lines,  but  they  are  not  of  much  practical  use,  and  indeed  very  few 
cases  arise  in  which  the  curvature  has  to  be  considered.  In  meas- 
uring the  positions  of  lines  the  middle  or  least  deviated  points 
are  bisected  by  the  cross-wires. 

The  spectroscope  assumes  such  a  variety  of  forms  that  it  is  im- 
possible in  the  space  at  our  disposal  to  describe  the  different  kinds 
in  use.  Only  a  few  of  them  however  are  really  effective,  and  we 
may  consider  the  most  important  of  these.  In  no  form  are  the 
materials  more  advantageously  applied  than  in  the  simple  spec- 
troscope which  has  already  been  described. 

If  another  prism  is  added  to  this  spectroscope  the  deviation 
and  dispersion  will  be  doubled,  and  the  power  may  be  still 
further  increased  by  adding  more  prisms.  Each  prism  must  be  in 
the  position  of  minimum  deviation,  and  the  angle  between  the 
faces  of  adjacent  prisms  is  the  same  throughout  the  whole  train. 
As  the  dispersion  is  now  so  great  that  only  a  small  part  of  the 
spectrum  can  be  seen  at  once  in  the  field  of  the  telescope,  the  tele- 
scope must  be  moved  to  bring  in  any  other  part,  and  this  involves 
the  readjustment  of  all  the  prisms  in  the  train— a  very  trouble- 
some matter.  To  avoid  the  labor  of  adjustment  the  prisms  are 
generally  linked  together  in  such  a  manner  that  each  angle 
changes  by  the  same  amount.  Assuming  that  the  prisms  are  all 
alike,  a  little  consideration  will  show  that  the  following  condi- 
tions must  be  fulfilled:  The  bases  of  all  the  prisms  must  be 
tangent  to  a  circle,  the  diameter  of  which  is  variable,  depending 
upon  the  part  of  the  spectrum  observed,  and  the  center  of  the 
circle  must  travel  on  a  line  perpendicular  to  the  collimator  axis. 
One  of  the  simplest  ways  of  meeting  these  conditions  is  to  con- 
nect the  telescope  and  collimator  by  a  broad  metal  spring,  to 
which  the  bases  of  the  prisms  are  fastened,  and  which  by  its 
elasticity  keeps  a  circular  form  when  bent,  but  there  are  other  and 
jwrobably  better  ways.  Some  old  spectroscopes  with  prism 
trains  are  very  defective  in  regard  to  these  requirements.    The 
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prisms  are  adjustable  in  angle  by  linked  tail-pieces,  bat  not  in 
distance  from  the  center.  At  the  ends  of  the  spectrum  most  of 
the  light  is  therefore  lost.  The  prism  train,  ingenionsly  modified 
in  many  different  ways,  was  formerly  mnch  nsed  for  solar  obser- 
Tations  where  high  dispersion  is  required,  but  it  has  now  been 
almost  superseded  by  the  diffraction  grating. 

The  compound  prism  now  much  used  consists  of  a  highly  dis- 
persive flint  glass  prism  with  large  refracting  angle  (90°  or  more), 
enclosed  between  two  thin  crown  glass  prisms  placed  in  reversed 
positions.  The  qrown  glass  prisms  partially  counteract  the  effect 
of  the  dense  one.  They  are  cemented  to  the  faces  of  the  flint 
glass  with  Canada  balsam,  as  otherwise  the  light  would  not 
emetf:e  from  the  heavy  prism,  but  would  be  totally  reflected  at 
its  inner  face. 

The  direct  vision  prism  used  in  pocket  spectroscopes  may  be  re. 
garded  as  an  extreme  case  of  the  same  cons  traction,  the  crown 
glass  wedges  being  enlarged  until  they  equal  the  dense  prism  in 
refractive  power  for  some  middle  part  of  the  spectrum,  while  they 
do  not  entirely  counteract  its  dispersion.  Sometimes  five  prisms 
are  put  together  in  the  same  way,  two  of  them  being  of  flint  and 
three  of  crown  glass.  This  form  of  prism  is  not  very  efficient,  as 
the  same  dispersion  could  be  obtained  with  a  much  smaller  single 
prism  of  the  ordinary  shape,  but  when  the  direct  view  is  preferred 
they  are  convenient.  The  pocket  spectroscope  usually  has  no  col. 
limator, — only  a  single  lens  which  is  focused  on  the  slit,  and  the 
rays  are  not  parallel  when  they  pass  through  the  prism.  It  is  a 
peculiarity  of  the  direct-vision  prism,  resulting  from  the  sym- 
metry of  its  construction,  that  the  divergence  or  convergence  of  a 
pencil  of  rays  is  not  altered  by  it,  and  hence  it  will  give  distinct 
vision  even  when  the  rays  passing  through  it  are  not  parallel.* 
In  this  respect  it  resembles  the  single  prism  used  in  the  position  of 

minimum  deviation. 

{To  be  Continued). 


To  drop  a  pea  at  tbe  end  of  eyery  mile  of  a  voyage  on  a  limitleRs  ocean  to  the 
nearest  fixed  star  would  require  a  fleet  often  thousand  ships  of  600  tons  burthen, 
aH  starting  with  a  foil  cargo  of  peas.  Sir  John  Hbrschbl. 


*  Tbe  pencil  of  rays  remains  bomocentric  after  relbiction ;  all  the  rays  pro- 
duced backward  meet  in  a  dngle  point,  and  are  therefore  convemd  by  tbe  eye 
to  a  single  point  on  the  retina.  A  familiar  instance  of  tbe  conrasion  resulting 
from  nonhomocentric  rays  is  tbe  difficulty  of  seeing  objects  in  an  aquarium, 
especially  when  they  are  viewed  obliquely. 
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THE  YBRKES'  TELESCOPE. 
W.  W.  PAYNB. 


We  present  elsewhere  a  fine  picture  of  the  Yerkes'  telescope,  pre- 
pared especially  for  this  publication.  In  the  October  number  of 
Astronomy  and  Astro-Pbysics^  we  gave  a  frontispiece  plate  of  the 
same  telescope,  which  is  excellent  in  most  particulars,  but  in  some 
not  quite  satisfactory.  The  plate  herewith  given  shows  the  de- 
tails of  the  mounting  at  the  top  of  the  pier  more  favorable  and 
about  as  faithfully  as  can  be  done  by  an  engraving  of  the  kind. 
The  background,  however,  does  not  show  in  as  lively  contrast, 
nor  is  it  as  definite  in  detail  as  the  other  picture  evidently  because 
most  of  the  objects  composing  it  are  farther  removed  from  the 
telescope.  In  this  picture  the  telescope  is  the  prominent  object  as 
it  manifestly  ought  to  be. 

Some  idea  of  the  size  and  weight  of  the  different  parts  of  this 
great  telescope  may  be  gained  from  a  statement  of  the  leading 
facts  pertaining  to  them,  as  given  by  Mr.  W.  R.  Warner,  of 
Messrs.  Warner  &  Swasey,  of  Cleveland,  Ohio,  in  a  paper  read 
before  the  Congress  of  Astronomy  and  Astro-Physics  at  Chicago. 
The  three  great  telescopes  of  this  country  are,  the  new  26-inch 
equatorial  of  the  Naval  Observatory  at  Washington,  the  36-inch 
Lick  telescope  at  Mt.  Hamilton  and  the  40-inch  Yerkes  instru- 
ment of  Chicago  University.  In  these  great  telescopes  special  at- 
tention must  be  given  to  the  manner  in  which  the  tubes  are  made 
which  carry  the  lenses.  The  two  essential  points  are,  lightness 
and  ridigity,  the  former  for  ease  of  motion,  the  latter  to  make  the 
flecture  of  the  tubes  as  small  as  possible.  The  material  best  cal- 
culated to  give  these  two  qualities  is  sheet  steel.  The  form  of  the 
tube  has  much  to  do  with  its  ridigity,  a  slight  increase  in  diame- 
ter at  the  center  serving  to  stiffen  it,  and,  on  this  account  thinner 
material  can  be  used.  The  following  is  Mr.  Warner's  description 
of  the  principal  features  of  the  mounting : 

"  The  tube  for  the  40-inch  Yerkes  telescope  is  42  inches  in  diam- 
eter at  the  objective  end,  62  inches  at  the  center,  and  38  inches  at 
the  eye-end.  The  sheet  steel  forming  the  tube  varies  from  7.32 
inches  in  thickness  at  the  center  to  l.ft  inches  at  the  ends.  The 
total  weight  of  the  tube  is  six  tons. 

The  declination  axis  carrying  the  tube  is  of  forged  steel,  12 
inches  in  diameter  and  12  feet  long,  its  weight  being  1^  tons. 
This  runs  in  segmental  babbitt  bearings  in  the  declination  sleeve, 
which  weighs  4  tons.    The  polar  axis  carrying  the  whole  system 
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is  of  hard  forged  steel,  16  inches  in  diameter  at  the  upper  bearing 
and  12  inches  at  the  lower  bearing,  and  weighs  3^  tons. 

Just  above  its  tipper  bearing  it  carries  the  main  driving  gear, 
weighing  1  ton  and  having  330  teeth,  by  which  the  movement  of 
the  driving  clock  is  communicated  to  the  polar  axis. 

The  great  weight  oiF  the  bearings  of  these  axes  is  almost  wholly 
relieved,  and  the  resistance  changed  from  slidng  to  rolling  fric- 
tion by  means  of  three  bracelets  or  live  rings  of  steel  rolls.  One 
of  these  encircles  the  declination  axis  near  the  tube,  and  one  is 
placed  above  each  bearing  on  the  polar  axis  These  anti-friction 
live  rings  mn  in  steel  yokes,  and  are  pressed  against  the  axes  by 
means  of  adjustable  spring  levers. 

The  live  ring  of  rolls  which  is  on  the  declination  axis  near  the 
tube  is  the  centre  of  gravity  of  the  system  comprising  the  tube 
and  the  declination  axis  with  their  attachments,  this  one  series  of 
rolls  serving  to  take  the  weight  oflF  both  bearings  of  the  declina- 
tion axis,  and  so  nearly  eliminating  friction  that  less  than  one 
pound  of  direct  pressure  on  the  tube  is  required  for  each  ton  of 
weight  moved.  This  live  ring  is  composed  of  16  inch  rolls,  5 
inches  long,  and  3  inches  in  diameter,  and  carries  a  total  weight 
of  8  tons. 

The  live  ring  at  the  upper  end  of  the  polar  axis  is  composed  of 
16  rolls,  6  inches  long,  and  4  inches  in  diameter.  This  sustains  a 
weight  of  nearly  20  tons.  The  end-thrust  of  all  this  great 
weight,  due  to  the  angle  at  which  the  axis  is  placed,  is  taken  on 
a  double  series  of  40  one-inch  hardened  steel  balls. 

The  methods  of  balancing  the  movable  parts  of  the  Yerkes  tele- 
scope have  been  a  special  study,  with  results  which  seem  all  that 
can  be  desired. 

The  heaviest  accessory  to  be  used  with  the  telescope  is  the  solar 
spectroscope.  With  this  in  position,  the  tube  is  accurately  bal- 
anced. Weights  are  then  placed  on  the  extension  of  the  declina- 
tion sleeve  until  the  whole  system  is  in  balance.  When  the  solar 
spectroscope  is  to  be  removed  sufficient  supplementary  weights 
are  placed  at  the  side  of  the  eye-end  of  the  tube,  so  the  balance  is 
not  disturbed. 

The  equatorial  head  and  its  bearings  supporting  the  polar  axis 
and  the  entire  movable  part  of  the  telescope,  are  cast  in  one  piece, 
its  base  conforming  to  the  rectangular  shape  of  the  column. 

The  column  is  11  ft.  X  5  ft.  at  the  base,  tapering  to  10  ft.  X  5  ft. 
at  the  head.  It  is  cast  in  five  sections, having  internal  flanges  for 
securely  bolting  it  together.  In  the  upper  section  is  placed  the 
driving  dock.    A  spiral  staircase  at  the  south  side  of  the  column 
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gives  easy  access  to  the  driving  clock,  and  also  to  the  balcony 
surrotinding  the  head. 

The  Driving  Clock  is  governed  by  a  double  conical  pendaltun, 
mounted  isochronously,  and  making  sixty  revolutions  per  minute. 

A  driving  weight,  considerably  in  excess  of  the  amount  required 
to  drive  the  telescope,  is  used  with  this  clock,  the  surplus  of 
power  being  taken  by  a  friction  ring  placed  just  above  the  pendu- 
lum. The  arms  of  the  pendulum  are  so  arranged  that  in  opera* 
tion  they  always  take  their  natural  and  theoretical  positions,  not 
being  swerved  therefrom  by  the  action  of  the  power  on  the  fric- 
tion ring  above  mentioned.  When  the  clock  is  undamped  from 
the  polar  axis,  all  the  power  required  to  move  the  telescope  is 
instantly  transferred  to  the  friction  ring,  and  the  pendulum 
maintains  its  theoretical  position  and  normal  rate.  An  electric 
motor  is  provided  for  automatically  winding  the  clock. 

When  the  40-inch  objective  is  completed  a  detailed  statement 
about  it  of  interest  to  the  general  reader  will  be  given.  The 
lenses  are  now  in  the  hands  of  Mr.  Alvan  6.  Clark,  of  Cam- 
bridgeport,  Mass.,  who  is  working  on  the  local  corrections  neces- 
saty  to  the  high  excellence  which  is  always  found  in  the  Clark 
lenses. 


VISUALIZING  THE  EARTH^S  ANNUAL   MOTION. 


BLIZA  A.  BOWBN. 


My  design  in  writing  this  article  is  to  show  how  the  Earth's 
annual  motion  can  be  visualized. 

We  can  fix  with  exactness  the  position  which  the  Earth  has  at 
any  time  relative  to  the  Sun,  by  supposing  a  straight  line  passing 
through  the  centers  of  the  two  bodies,  and  then  finding  the  two 
points  through  which  it  would  extend  among  the  stars  on  the  ce- 
lestial sphere.  Such  a  line,  passing  through  the  Sun,  the  center 
of  that  sphere,  would  be  a  diameter  of  it,  and  the  two  points 
must  be  180^  apart.  The  method  of  finding  such  points 
with  instruments  is  easy  to  understand,  but  it  is  in  books,  and 
to  explain  it  here  would  make  this  article  too  long.  Those  who 
have  made  the  measurements  tell  us  that  during  the  latter  part 
of  December,  such  a  line  through  the  ^centers  of  the  Earth  and 
Sun,  would  reach  d  point  in  the  constellation  Sagittarius  on  the 
side  of  the  Sun;  and  on  the  side  of  the  Earth,  a  point  in  Gemini. 

The  observer  should  first  go  out  at  sunset.  He  can  imagine  the 
line  spoken  of  as  touching  the  celestial  horizon  behind  thcf  center 
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of  the  Sttn,  then  passing  through  the  Stin  and  Earth,  and  touch- 
ing the  celestial  horizon  in  the  East.  Sagittarius,  of  course,  is 
obscured  by  the  Stin,  which  appears  to  be  on  the  celestial  sphere. 
This  appearance,  however,  is  due  to  perspective.  We  know,  be- 
cause iht  Earth  has  been  between  Saggittarius  and  the  Sun,  that 
the  constellation  is  at  a  very  great  distance  from  the  Sun,  and  the 
observer  must  get  this  fact  firmly  fixed  in  his  mind. 

The  observer  sees  that  the  constellations  of  the  zodiac  form  a 
ring  round  the  heavens,  and  that  the  Earth's  path,  or  orbit,  lies 
within  this  ring.  But  those  persons  who  have  discovered  all  the 
points  on  the  sphere  which,  during  a  year,  would  be  successively 
reached  by  the  lines  through  the  centres  of  Earth  and  Sun,  tell  us 
that  they  lie  on  the  circumference  of  a  great  circle  extending 
along  the  middle  of  the  zodiac.  The  area  within  the  circumfer- 
ence of  a  circle  is  a  plane,  therefore  the  Earth's  center  moves 
round  the  Sun  in  one  plane.  This  plane  is  called  the  ecliptic,  and 
the  circle  is  called  the  circle  of  the  ecliptic. 

At  any  sunset,  the  Earth's  path  for  the  previous  six  months 
always  lies  in  the  space  above  us,  a  great  semi-circle  (nearly) 
with  one  end  beyond  the  opposite  side  of  the  Sun,  and  the  other 
coming  down  to  the  centre  of  the  Earth.  The  band,  or  ring,  of 
zodiacal  constellations  shows  the  direction  of  this  path. 

The  part  of  the  plane  of  the  ecliptic  which  appears  to  lie  within 
the  celestial  sphere  is  surrounded  by  the  circle  of  the  ecliptic. 
The  line  of  this  circle  extends  along  the  middle  of  the  band  or 
ring  of  the  zodiacal  constellations.  The  axis  of  the  celestial 
sphere  is  a  line  passing  through  the  poles  of  the  heavens  and 
through  the  centre  of  the  plane  of  the  ecliptic.  You  cannot  see 
the  axis,  but  you  can  identify  its  northern  extremity  by  the  pole 
star.  

HnmerAtioii  of  the  Aiteroidt  ditoorered  in  1893.— Numbers  have  recently  been 
assigned  to  twenty-one  of  the  asteroids  discovered  by  photography  this  year. 
Seren  others  designated  1893  C,  D,  M,  O,  U,  X,  and  Y,  were  not  sufficiently  ob- 
served to  permit  of  determining  their  elliptic  orbits.  They  therefore  receive  no 
numbers.  The  asteroid  1893  Q  has  been  found  to  be  identical  with  (104)  Kly- 
mene,  Z  with  (176)  Andromache,  AP  with  (168)  Koronis,  and  AG  with  (107) 
Camilla. 

The  numbers  assigned  are  as  follows 
1893  A   Jan.  17    Charlois 364 


B 
B 
P 
G 

L 
N 
P 
R 


12    Wolf. 362 

20  Charlois 366 

16  Wolf. 363 

21  Charlois 866 

Peb.  11    "    867 

Mar.  8    "    868 

9    "    369 

11    "    860 

11    "    861 

17  "    862 


1893  S 
T 


Mar.  17 
19 
21 
21 
May  20 
20 

AC  July  14 
AD  16 
AB  6 
AH  Ai«.19 


V 

W 

AA 

AB 


Charlois. 363 

364 

"    866 


"    867 

"    868 

"    870 

"    871 

Borrelly 869 

Charlois. ,872 
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THE  PACE  OP  THE  SKY. 


CHARLOTTE  R.  WILLARD. 


Six  o'clock  December  twentieth  will  afford  a  convenient  opportunity  for  mak- 
ing thought  definite  in  regard  to  sidereal  time.  We  say  it  is  noon  when  the  sun 
is  on  our  meridian,  just  so  it  is  sidereal  noon  when  the  "First  of  Aries"  is  on  the 
meridian;  this  will  occur  at  six  o'clock  on  the  day  named.  Noticing  carefolly 
what  stars  are  crossing  the  meridian  at  this  time  the  brighter  ones  are,  one  in  the 
base  of  the  Great  Dipper  {y  Urss  Majoris),  the  most  western  star  in  Cassiopeia 
(fl)  and  one  of  the  western  stars  in  the  Square  of  Pegasus  (a  Andromeds).  It 
will  be  noticed  that  the  line  of  these  stars  passes  through  the  pole  star,  and  is 
perpendicular  to  the  horizon ;  it  will  be  of  interest  to  observe  these  one,  two  and 
three  hours  later  noticing  the  angle  which  their  line  then  makes  with  the  perpen- 
dicular drawn  through  the  pole  to  the  horizon ;  practice  will  enable  one  to  estim- 
ate this  angle  with  a  fair  degree  of  accuracy  and  so  to  determine  approximate 
sidereal  time.  Sidereal  noon  comes  nearly  four  minutes  earlier  on  each  succeeding 
night.  The  distance  from  0  Cassiopeiae  to  a  Andromedae  is  30°,  following  their 
line  for  nearly  30®  farther  south,  we  locate  the  intersection  of  the  celestial  equa- 
tor and  the  ecliptic  (i.  e.  The  First  of  Aries).  The  equator  may  be  traced  from 
this  point  to  the  east  passing  close  to  the  star  S  Orionis  and  to  the  west  passing 
9®  below  Altair  (a  Aquils).  The  ecliptic  passes  eastward  between  the  Hyades 
and  Pleiades,  and  to  the  west  a  few  degrees  above  the  second  magnitude  star  <f 
Capricomi. 

The  most  beautiful  of  all  constellations  and  the  mostjbrilliant  of  fixed  stars 
will  be  noticeable  objects  in  the  western  sky  during  the  coming  month.  The  star 
Sirius  will  rise  at  about  seven  o'clock  on  the  first  of  January,  preceding  it  by  two 
hours  is  the  very  striking  constellation  Orion,  sometimes  described  as  a  kite.  The 
central  part  of  this  constellation  is  marked  by  the  belt  of  Orion,  a  line  of  three 
second  magnitude  stars  (<J,  e  and  C).  Two  first  magnitude  stars  are  located  sym- 
metrically north  and  south  of  this  line — the  northern  Betelgeuse  (a  Orionis)  and  the 
southern  one  Kigel  (/9  Orionis).  It  is  interesting  to  notice  that  fi  is  now  brighter 
than  a.  About  8®  preceding  a  is  ^,  a  second  magnitude  star,  these  two  mark 
the  shoulders  of  Orion,  and  between  them  is  a  group  of  three  fainter  stars 
forming  the  head.  From  the  belt  depend  three  stars  known  as  the  sword.  Rigel  is 
one  of  the  many  double  stars  of  this  constellation;  its  components  are  of  first  and 
ninth  magnitude,  they  have  been  distinctly  seen  with  a  4V4-inch  telcRcope  and  just 
detected  with  a  IV^inch.  <5  is  a  double  with  magnitudes  2  and  7.  tf,  a  faint  star 
below  C)  is  triple,  the  magnitudes  being  4,  8  and  7 ;  it  has  been  seen  as  triple  with 
a  4%-inch  glass.  Rigel  and  8  are  said  to  be  moving  directly  away  from  us  at 
rates  respectively  of  39  and  35  Enelish  miles  a  second,  and  yet  so  immense  is  their 
distance  that  they  seem  to  shine  with  undiminished  light  from  night  to  night.  9, 
the  middle  star  of  the  sword,  is  really  two  stars  B  and  0' ;  B'  is  of  peculiar  interest. 
'*0n  very  slight  telescopic  persuasion  it  allows  itself  to  be  seen  as  quadruple;" 
these  four  stars  respectively  5,  6,  7  and  8  in  magnitude  form  the  well  known 
trapezium  of  the  great  nebula  of  Orion.  Two  and  a  half  centuries  of  observations 
cannot  detect  the  slightest  shifting  of  their  positions,  and  seem  to  declare  their  dis- 
tances enormous  even  on  the  scale  of  stellar  distances.  Two  other  much  fainter 
stars  have  been  seen  in  the  group  by  aid  of  glasses  of  3  and  4  inch  aperture. 
'*  The  whole  frame  work  of  the  great  nebulous  structure  in  the  Sword  of  Orion  seems 
to  rest  upon  this  stellar  group."    This  is  one  of  the  many  cases  where  multiple 
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«tars  aeem  to  bear  clo»e  relation  to  nebate;  such  cases  suggest  the  qaestion  as  to 
whether  the  formation  of  a  double  in  the  nebnlous  field  mav  not  be  the  first  step 
toward  the  formation  of  crowded  dusters  like  the  Pleiades.  Space  will  not  admit 
of  a  description  of  the  Great  Nebula— 4t  is  appearing  greater  and  greater  as  im- 
proved  instruments  push  its  boundaries  farther  from  the  centre. 

Strius  is  by  far  the  brightest  of  all  fixed  stars,  for  this  reason  astronomers 
haye  from  earliest  time  paid  much  attention  to  problems  concerning  it.  The 
story  of  their  slow  yet  marvelous  progress  in  its  study  is  most  fascinating.  It 
was  found  to  have  a  measurable  parallax,  its  distance  was  calculated,  its  motion, 
though  apparently  slight,  was  found  to  be  di8turi)ed,  and  astronomers  said  "Sinus 
has  a  companion  which  no  man  has  seen."  This  companion  was  studied  and  its 
motions  confidently  described  for  twenty  years  before  any  man  succeeded  in  see- 
ing it.  Faith  was  the  evidence  of  things  not  seen.  It  was  first  seen  in  1862  by  an 
18-inch  glass.  Sirius  is  believed  to  emit  forty  times  as  much  light  as  our  Sun. 
The  companion  is  strangely  lacking  in  brilliancy. 


PLrAJiET  NOTES  FOR  JANUARY. 


H.  C.  WILSON. 


Mercury  having  been  at  greatest  western  elongation  Dec.  14  will  in  Jan- 
uary be  too  close  to  the  Sun  for  observation.  He  will  be  at  superior  conjtmction 
Jan.  29  at  6^  36"  a.  m. 

Veaaa  which  has  been  such  a  brilliant  object  in  the  early  evening  sky  during 
the  past  month  vrill  be  still  more  brilliant  during  the  first  part  of  January.  This 
planet  wiU  attain  its  maximum  brilliancy  on  Jan.  10  when  the  light  will  be 
218  as  compared  with  145  on  December  1.  The  position  of  Venus  is  becoming  a 
little  more  fiivorable  for  observation  in  northern  latitudes,  as  the  planet  moves 
northward  in  declination.  Venus  and  the  crescent  Moon  will  be  in  conjunction 
on  the  morning  of  Jan.  10  and  the  two  will  form  a  pretty  pair  on  that  evening 
and  the  preceding. 

Mars  will  be  morning  planet  during  January,  visible  in  the  southeast  after 
€yc  o'clock.  The  low  altitude  will  prevent  good  observations  in  our  latitude, 
but  south  of  the  equator  something  may  be  done  in  the  study  of  the  surface 
markings  of  the  planet.  Mars  and  the  waning  Moon  will  be  in  conjunction  on 
the  morning  of  Jan.  3,  the  latter  passing  4^  south  of  the  former. 

Jupiter  will  be  in  excellent  position  for  observation  during  the  first  half  of  the 
night  in  January.  The  planet  will  be  stationary  among  the  stars  of  Taurus  on 
Jan.  15,  after  which  it  will  move  slowly  eastward. 

Saturn  is  getting  into  better  position  for  observation  in  the  morning  but  the 
majority  of  observers  will  prefer  to  wait  two  or  three  months  until  the  plahet  is 
visible  in  the  evening.  Saturn  will  be  at  quadrature,  90**  west  from  the  Sun,  Jan. 
14.  Saturn  is  in  the  constellation  Virgo  a  little  northeast  of  Spica  and  is  mov- 
ing very  slowly  eastward.    The  Moon  will  be  4®  south  of  Saturn  at  noon  Jan.  27 . 

Uranus  is  in  the  constellation  Libra  a  little  way  east  of  the  star  a.  It  is  not 
yet  in  very  good  condition  for  observation  in  our  latitude. 

Neptune  having  passed  opposition  in  December  will  be  in  excellent  position 
for  observation  in  January.  It  will  move  very  slowly  westward  during  the 
month,  the  position  January  1  being  a  little  more  than  Vi  of  the  distance  on  a 
straight  line  from  t  to  e  Tauri.  There  is  no  star  of  equal  brightness  within  a  ra- 
dius of  I*'. 
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Planet  Tables  for  Jannary* 

[The  timet  giren  are  local  time  for  Nortbfleld.  To  obtain  Standard  Timet  for  Places 
In  approximateW  the  same  latitude,  add  the  difference  between  Standard  and  Local 
Time  if  west  of  the  Standard  Meridian  or  mtbtract  if  east]. 
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Jupiter's  Satellites  for  Jannary. 


Pbaaes  of  the  BcUpaea  of  the  Smtellitea  for  an  iBrerting  Telescope. 


III. 


IV. 


No  Eclipse. 


CoB£goration  at  ^  for  an 

Inrerting  Telescope. 

D»y. 

We«t 

Bast. 

1 

?:       o 

3-                  4- 

2 

•2            O 

31-                      4- 

8 

8-      -1        O                   .J 

4 

3- 

4* 
C 

>a.^- 

6 

•8 

) 

6 

4 

* 

10-3 

'2# 

7 

4- 

O 

•1       2-       "3 

8 

4- 

,?•         0 

3- 

9 

•4 

•2            O 

8- 
•1 

10 

•4 

«•.,          o 

•2 

11 

3-   -4 

0 

\'. 

12 

•3 

2-        .^^     0 

18 

oi- 

•30 

•4 

'2# 

14 

O 

2-   -3       -4 

•1# 

16 

* 

X?*     O 

3-               -4 

16 

•2               O 

•1 3-                                  -4 

17 

1-3-       O 

•2                                 4- 

18 

8- 

O 

4- 

19 

•3 

2-         l      G 

4- 

20 

•a"    o 

1-       4- 

21 

4-      O 

8.-^ 

•1# 

22 

4- 

1-20 

•3 

28 

4- 

•2             O 

•1       3- 

24 

4- 

1-      3"  O 

•2 

25 

•4 

3- 

C 

1-2- 

26 

4 

•3 

2-    '1        O 

27 

•4 

•3-2    O 

1- 

28 

•4              -lO 

•3-2 

29 

02- 

i-o 

4 

•3 

80 

•2                  O 

•1      ^s- 

81 

03- 

I-          O 

•2                           -4 
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In  the  preceding  diagram  the  light  discs  in  the  middle  Tertical  row  represent 
the  planet  Jupiter.    The  numbers  give  the  relative  positions  of  the  satellites 

respectively  and  the  periods  near  them  their  direction  of  motion.  The  black 
discs  on  the  right  with  the  numbers  show  which  satellites  are  occulted  or  eclipsed; 

the  light  discs  on  the  left,  which  are  in  transit  on  the  face  of  Jupiter.  The  letters 
r  and  d  at  the  top  of  the  page  mean  reappearance  and  disappearance  respectively. 

Phenomena  of  Jupiter's  Satellites. 

Central  Time. 

Jan.    5  12  07  A.  m.     II     Tr.  In.  Jan.  16    6  27  p.  m.       I  Sh.  Eg. 

12  18     "  I     Tr.  In.  8  33     **         II  Sh.  Eg. 

1  22     "  I     Sh.  In.  17    5  22  p.  m.    Ill  Sh.  In. 

2  13     "         II     Sh.  In.                                 7  16     "        III  Sh.  Eg. 
2  28     "        II     Tr.  Eg.                       20  10  26     "           I  Tr.  In. 

2  30     "  I    Tr.  E^.  11  30     "         II  Oc.  Dis. 

3  34     "          I     Sh.  Eg.                              11  41     "           I  Sh.  In. 
9  32  P.  M.       I     Oc.  t>is.                       21  12  39  a.  m.        (  Tr.  Eg. 

6  12  47  A.  M.       I     Ec.  Re.  7  42  p.  m.       I  Oc.  Dis. 

6  38  P.  M.     II     Oc.  Dis.  11  08     *•  I  Ec.  Re. 

6  46     "  I     Tr.  In.  22     4  54     "  I  Tr.  In. 

6  48     •*       III     Oc.  Dis.  6  10     •*  I  Sh.  In. 

7  61     '*  I     Sh.  In.  6  21     "         II  Tr.  In. 

8  37     "        III     Oc.  Re.  7  07     "  I  Tr.  Eg. 

9  58     "  I     Tr.  Eg.  8  22     •'  I  Sh.  Eg. 

10  03     "  I     Sh.  Eg.  8  43     "         II  Tr.  Eg. 

11  05  "  II  Ec.  Re  8  50  "  II  Sh.  In. 
11  18     "       III     Ec.  Dis.                             11  12     *'         II  Sh.  Er. 

7  12  57  A.  M.    Ill     Ec.  Re.  23     5  37      **  I  Ec.  Re. 

4  00  P.  M.       I     Oc.  Dis.  24     5  35     **         II  Ec.  Re. 

7  16     "  I     Ec.  Re.  6  09      "       III  Tr.  Eg. 

8  4  32     "  I     Sh.  Ejf.  9  24     "       III  Sh   In. 

5  64     "         II    Sh.  Eg.  11  18     "       III  Sh.  Eg. 

12  11  23     "  I     Oc.  Ks.  28  12  19  a.  m.       I  Tr.  In.. 

13  2  43  A.  M.        I     Ec.  Re.  1  36      ••  I  Sh.  In. 

8  36  p.  M.       I     Tr.  In.  2  00     "         II  Oc.  Dis. 

9  03     "         II     Oc.  Dis.                                9  35  P.  u,       I  Oc.  Dis. 
9  46     "           I     Sh.  In.                         29     1  04  a.  m.       I  Ec.  Re. 

10  27     •*       III     Oc.  Dis.  6  47  p.  m.       I  Tr.  In. 

10  48     "  I     Tr.  Eg.  8  05      "  I  Sh.  In. 

11  25  *•  II  Oc.  Re.  8  54  **  II  Tr.  In. 
11  26  "  II  Ec.  Dis.  8  59  "  I  Tr.  Eg. 
11  58     "           I     Sh.  Eg.                               10  18      •*           I  Sh.  Eg. 

14  12  19  a.m.    Ill     Oc.  Re.  1117     **         II  Tr.  Eg. 

1  41      "        II     Ec.  Re.  11  29      '*         II  Sh.  In. 

5  50  p.  m.        I     Oc.  Dis.  30     1  50  a.  m.      II  Sh.  Eg. 

9  12     '*  I     Ec.  Re.  4  04  p.  M.       I  Oc.  Dis. 

15  3  03     "  I     Tr.  In.  7  33     "  I  Ec.  Re. 

3  49     "         II     Tr.  In.  31     5  39      "         II  Oc.  Re. 

4  14     '•  I     Sh.  In.  6  55     "         II  Ec.  Dis. 

5  15     *«  I     Tr.  Eg.  8  03      "       III  Tr.  In. 

6  11     "         II     Tr.  Eg.                                9  11      "        II  Ec.  Re. 
6  11     "         II     Sh.  In.                               10  03     "       III  Tr.  Eg. 

Occnltations  Visible  at  Washington. 

IMMERSION  BMBR8IOM 

Date  Star's  Masnt-    Washing-     Anfrlc      Washing.   Anslc 

1894.  Name.  tudc.       ton  m.  t.    Vm  N  pt.  ton  M.  T.  Vm  N  pt.  Duration. 

Jan.   11    ;rAqnarii 5J^         6    52         89         7    4«       198  0    56 

18  136Tauri 5  16    16       105       17    05       266  0    49 

19  W.  VI,  1666 8  17    08       140       17    48       247  0    40 

20  e  Geminornni...6  4    49       110         5    38       254  0    49 

20    ooiCancri 6  12    19         83       13    25       319  1    06 

20    oD^Cancri 6  12    54       129       14    04       273  1    10 
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Blong^ations  of  the  Satellites  ot  Satttm. 


(Tlie  wcflteni  elofi|r*tions  win  be  found  approximately  half  Waj 
and  other  positions  may  be  easily  interpolated.) 


between  the  eastern 


I 

dIMA 

S. 

ENCELADUS  Cont. 

DIONE  Cont. 

.     2 

h 
6.7 

A.    If. 

W 

Jan. 

21 

n 
.  6.6    A.    M. 

E 

Jan. 

16 

6.0      " 

E 

8 

4.8 

4« 

W 

22 

3  4  P.  M. 

E 

18 

10.7  P.  M. 

E 

4 

2.0 

« 

w 

24 

12.3   A.   M. 

E 

21 

4.4      " 

E 

9 

7.3 

<• 

E 

26 

9.1       *• 

E 

24 

10.1   A.   M. 

E 

10 

6.0 

<l 

E 

26 

6.0  p.  M. 

E 

27 

8.7      •' 

E 

11 

46 

« 

E 

28 

2.9   A.   M. 

E 

29 

9  4  p.  M. 

E 

12 

8.2 

•• 

E 

29 

11.8      '• 

B 

RHEA. 

18 
17 
18 
19 
20 
21 
26 
26 
27 

1.8 
7.6 
6.2 
4.9 
8.6 
2.1 
7.9 
6.6 
6.1 

•  < 

E 
W 
W 
W 
W 
W 
E 
E 
E 

Feb. 

30      8.7  P.  M. 
1       6.6  A.  If. 

TETHYS. 

E 
E 

Jan. 

2 

7 

11 

6.0  p.  M. 

6.4   A.   M. 

6.9  P.  M. 

B 
B 
E 

« 
<• 
«• 

Jan. 

2 

4 
6 
8 

11.7   P.   M. 
9.0      •• 
6.3      " 
8.6      " 

E 
E 
E 
B 

16 
20 
26 
29 

6.1   A.   M. 

6.6  P.  M. 

6.9   A.    M. 

7.8  p.  M. 

B 
E 
E 
E 

t( 

10 

12.9      •* 

E 

TITAN 

28 

8.7 

•  « 

E 

12 

10.2   A.   M. 

E 

Jan. 

3 

8.2  p.  M. 

S 

29 

2.8 

•< 

E 

14 

7.6      " 

E 

7 

3.8      " 

B 

16 

4.8      •* 

E 

11 

1.2      " 

S 

w 

ENCELADUS. 

18 

2.1      •' 

E 

16 

6!o    •* 

u      2 

2.2 

A.   M. 

E 

19 

11.4   P.   M. 

E 

19 

71      " 

s 

8 

11.9 

« 

E 

21 

8.7      " 

E 

23 

2.8      " 

E 

4 

7.9 

P.   If. 

E 

28 

6.0      " 

E 

27 

noon 

I 

6 

4.8 

A.    If. 

E 

26 

8.8      •' 

E 

31 

3  6      •• 

W 

7 
8 

1.7 
10.6 

P.    M. 

«• 

E 
E 

27 
29 

12.6      " 

9  9   A.    M. 

E 
E 

HYPERION. 

10 

7.6 

A.    If. 

E 

31 

7.2      " 

E 

Jan. 

6 

3  9   A.    M. 

E 

11 
13 

4.3 
1.2 

P.    M. 
A.   M. 

E 
E 

DIONB. 

12 
17 

12.1  p.  M. 

8.6      " 

I 
W 

14 

10.1 

i« 

E 

Jan. 

2 

12.7  P.  M. 

E 

22 

6.3   A.    M. 

s 

16 

7.0 

P.    M. 

E 

6 

6.3   A.   M. 

E 

27 

10.1       " 

E 

17 

8.9 

A.    M. 

E 

7 

midn. 

E 

lAPETUS. 

18 

12  7 

P.    M. 

E 

10 

6.7   A.    M. 

E 

Jan. 
Feb. 

20 

4.3  p.  M. 

E 

19 

9.6 

P.   M. 

E 

13 

11.4   A.   M. 

E 

7 

10.5      •* 

I 

Minima  of  the  Variable  Stars  of  the 

>  Alsol  Type. 

[OiTen  to  the  nearest  hour  in  CentrfU  Standard  Time.] 

V 

CEPHEI. 

R. 

CANISMAJORIS. 

S  CANCRI. 

Dcd 

.....+81*   17' 

Period 

....2dll>»60» 

Jan.     6 

1a.m. 

9 

midn. 

14 

•( 

19 

II 

24 

11  p.  M. 

29 

11      •' 

ALGOL. 

R.  A 

....8»»    1-     1- 

Dcd 

....+  42<>   32^ 

Period 

....2d20J»49» 

Jan.     2 

2  a.m. 

4 

11  P.M. 

7 

8    " 

10 

6    •' 

22 

4  a.m. 

26 

1    " 

27 

10  p.  M. 

30 

7    " 

R.  A 

Decl 

Period 

Jan.     1 

2 

4 

9 

10 

12 

13 

17 

18 

20 

21 

26 

27 

29 

30 


Jan. 


...  7»»14»30" 
...— 160  11' 
..Id   3»»  16- 

9  p.m. 
midn. 

8  a.m. 

7  p.  M. 

11   '* 

2  a.m. 
6     " 
6  p.m. 
10    •' 
1a.m. 
4     " 

8  p.m. 
midn. 

8  A.M. 

6     " 


R.  A S^  37«  89» 

Dcd +  19*^  26' 

Period 9cfll>»38» 

Jan.     7         4  p.  M. 

17  3  A.  M. 

26         3  p.  M. 

S  ANTLI^. 


R.  A. 

Decl 

Period 

Jan.  1 
2 
2 
3 
4 
6 
6 
7 
8 


...  9J»27»30« 
...-  28*>  09' 
...  Od  7^  27- 

2  a.m. 

1     " 

midn. 
II 

11  p.  M. 

10     " 
10    " 

9     •• 

6  a.m. 

8  p.m. 
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S.  ANTLIi©  CONT. 


Jan.    9 
10 


4  a.  m. 

8  p.m. 

4  a.m. 

7  p.m. 

It  3  A.  M. 

12  2    " 

13  2    " 

14  1     " 
14  midn. 
15 

16  11  P.  M. 

17  10    " 

18  10  P.  M. 

19  5  A.  M. 

9  P.M. 

20  5  A.  M. 

8  p.m. 


S.  ANTIL-^  CoNT. 

Jan.  21  4a.m. 
8  p.m. 

22  3  A.  M. 

23  3     " 

24  2  " 
26  1  " 
26  1     " 

26  midn. 

27  11  p.m. 

28  11     " 

29  10     " 

30  9     " 

31  9     " 


S  LIBR^. 

R.  A 14^  56"  06* 

Decl -     8*»05' 

Period 2d07>»61"» 

Jan.     2         1  A.  M. 
9         1     " 
16  midn. 

22  " 

29       11  p.  m. 

U.  CORONi©. 

R.  A 16>»13«43« 

Decl +  32*^  03' 

Period 3cfl0>»51» 

Jan.  11         7  a.m. 
18         4     " 
24         2     " 
31         midn. 


COMET  NOTES. 


Elements  and  Sphemeris  of  Comet  c  1893.— I  send  you  herewith  elements  and 
cphemeris  of  Comet  c  by  Mr.  Phillips  Isham  and  myself. 
T  =  Sept.  19.3065  Berlin  M.  T. 
Q  =  174*»    64'    21''! 


J  =  129 

47 

44   yi893 

.0 

a>=347 

33 

10   J 

log 

q  =1 9.91033 

Berlin  midn. 

aapp. 

^app. 

log  J 

h      m 

• 

0 

r 

Dec.    1.5 

''% 

53 

+  53 

I5.I 

0.119 

2.5 

27 

54 

2>9 

3.5 
4*5 

\i 

15 
21 

S 

32.7 
41.4 

0.1 18 

5-5 

23 

44 

57 

50.0 

0.117 

6.5 

29 

25 

58 

58.4 

n 

35 
41 

3 

60 
61 

06.2 
13.2 

0.118 

9-5 

48 

35 

62 

19.4 

0.1 19 

10.5 

55 

50 

63 

24.8 

1 1.5 

15    03 

^ 

64 

28.8 

0.120 

12.5 

II 

*^5 

31.0 

13-5 

20 

36 

66 

31.9 

0.122 

14.5 

29 

59 

^l 

31-7 

15-5 

40 

03 

68 

29.0 

0.125 

16.5 

50 

52 

69 

23.4 

*Z-5 

16    02 

26 

70 

15-3 

0.130 

lis 

14 

47 

71 

04.4 

19.5 

27 

57 

71 

50.2 

0.136 

20.5 

41 

59 

72 

32.4 

21.5 

56 

50 

73 

10.7 

0.143 

22.5 

17    12 

30 

73 

45.0 

23-5 

28 

57 

74 

14.9 

0.149 

24.5 

46 

06 

74 

40.2 

25-5 

18    03 

43 

75 

00.5 

0.156 

26.5 

21 

34 

75 

16. 1 

27-5 

39 

38 

75 

26.5 

0.164 

28.5 

57 

53 

75 

32.5 
33.8 

29.5 

t9    15 

^i 

75 

0.172 

30.5 

33 

75 

307 

315 

50 

33 

+  75 

23.3 

0.181 

J.  0.  PORTSR. 
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Comet  Bnxdn  (e  1893).— This  comet,  ctiacoTered  by  the  writer  on  Oct.  16,  has 
been  obserred  on  every  possible  occasion,  and  we  have  been  ftivored  with  an  tin- 
nsnall^  fine  antnmn  in  this  locaKty^nnnsnal  in  the  great  nnmber  of  dear  days 
and  mffhts.  Although  the  comet  had  passed  perihelion  at  the  time  of  discovenr, 
it  has  bdd  its  Hght  vrdl,  and  has  been  a  conspkuons  tdescopic  comet.  On  the 
morning  of  Oct.  21. 17^,  the  comet  appeared  brighter  than  at  any  previous  ob- 
servation.   The  tail  conld  be  easily  traced  to  a  distance  of  S^^, 


Path  of  Coiibt  c1898  (Bsooks)throi70h  thb  Constbli^atioks  for  Dbcbmbbr. 

Some  interesting  changes  have  been  noticed  in  the  shape  and  stntcture  of  the 
tail.  Its  normal  appearance  might  have  been  called  straight,  but  on  the  morning 
of  Oct.  21,  17^  (vdien  the  comet  appeared  at  its  brightest  here),  there  was  a 
sharp  curve  in  the  tail  dose  to  the  head  towards  the  south,  and  a  taint  secondary 
tail  was  seen  issuing  from  the  head  at  an  angle  of  30^  to  the  main  tail  towards 
the  north. 

Bright  moonlight  then  interfered  for  several  da3r8,  but  when  the  comet  was 
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seen  again,  on  Noy.  4,  its  tail  had  assumed  its  nsnal  straight  form  with  only 
slight  cnrvature  towards  the  extreme  end.  On  Nov.  9,  17",  however,  another 
decided  and  interesting  change  was  detected  in  the  formation  of  the  tail.  It  was 
straight  for  a  length  of  half  a  degree  from  the  head,  where  it  became  forked,  the 
laxm:  portion  curving  gracefully  to  the  south,  the  fainter  part  straight  or  nearly 
so,  oranchine  to  the  north,  the  two  branches  making  an  an^le  with  ecu:h  other 
of  about  25r,  The  comet  on  this  occasion  was  bespangled  with  numerous  small 
stars,  forming  altogether  a  most  charming  telescopic  picture. 

William  R.  Bbooks. 
Smith  Observatory,  Geneva,  N.  Y.,  Nov.  14.,  1893. 


PRACTICALr  SUGGESTIONS. 


It  is  thought  best  to  give  some  space  each  month  to  queries  and  answers  per- 
tmning  to  astronomical  themes.  Contributors  are  requested  to  remember  this 
comer  and  to  write  briefly  and  frequently  for  it. 

2.  Are  the  rising  and  the  setting  of  the  heavenly  bodies  the  same  in  Eastern 
time  as  in  Central  ?  M.  b.  t.  h. 

Answer:  The  times  of  rising  and  setting  of  planets  at  any  ^ven  place  would 
be  one  hour  later  by  Eastern  than  by  Central  time.  The  times  given  in  our  tables 
for  these  phenomena  are  local  times  for  places  in  latitude  44^  28^,  and  are  prac- 
tically the  same  for  the  whole  of  theUnited  States. 

3.  In  the  case  of  phenomena  that  do  not  depend  on  the  rotation  of  the  Earth, 
as  the  minima  of  Algol,  is  the  longitude  of  the  place  necessarily  considered  ? 

M.  B.  T.  H. 

Answer:    No. 

4.  Given  a  4-inch  telescope,  so  ^ood  that  it  will  easily  resolve  a  Scorpii,  or  a 
Lyrce  with  a  power  of  95,  and  will  separate  n  Arauilse  (V',!)^  or  s  Arietis 
(1".3)  with  a  power  of  180  on.  any  good  night.  If  the  above  aperture  be  cut 
down  to  2  inches  by  an  annular  diaphragm,  it  will  resolve  Rigel  with  a  power  of 
96,  If  a  stop  be  applied  cutting  out  the  central  2  inches,  toe  glass  will  resolve 
Rigel  with  difficulty.  A  central  stop  cutting  out  2%  inches,  but  exposing  a  mar* 
nn  of  more  than  twice  the  area  of  the  first  central  two  inches  will  fail  to  resolve 
Kgel.  Do  aU  good  objectives  suffer  in  like  deeree  from  uncorrected  spherical  ab- 
erration ?  The  above  seems  to  indicate  that  the  central  2  inches  of  a  4-inch  glass 
will  resolve  more  than  a  whole  3-inch  objective,  especially  on  a  bright  object. 

8.  G.  s. 

Answer:— 'In  answering  this  question,  I  would  say  that  there  is  some  am- 
biguity about  the  question  itself.  Thai  a  central  2f'  area  of  a  hi^h  class  objective 
should  do  better  work  than  the  whole  of  a  3''  high  class  objective  is  utterly  im- 
possible. The  on\j  thing  that  it  would  indicate  is  that  there  is  something  wrong 
with  the  3''  objective.  Diaphragms  will  not  improve  a  first  class  objective,  the 
feet  of  the  matter  is  that  the  oldfashioned  way  of  testine^  the  goodness  of  an  ob- 
jective is  possibly  good  enough  for  one  that  has  spherical  aberration,  but  I  have 
all  along  insisted  that  it  is  not  the  way  to  test  a  first  class  objective. 

It  is  true  that  to  explain  the  reason  why  to  an  amateur,  is  rather  a  difficult 
mattei'  as  it  involves  the  phenomena  of  interference  which  in  a  telescope  is  a  func- 
tion of  the  limiting  aperture. 

If  the  objective  of  s.o.s.  is  a  first  class  objective  the  reason  that  it  will  not 
show  companions  to  stars  with  an  annular  ring  of  the  objective  exposed,  is  that 
the  limiting  aperture  gives  extra  thickness  to  the  diflraction  rings  and  robs  the 
star  discs  oi  the  li^ht  that  would  otherwise  go  into  them. 

I  have  alwa3rs  insisted,  and  in  this  I  believe  I  have  the  best  observers  on  my 
side,  that  a  thoroughly  corrected  objective  vrill  always  show  more  with  its  friU 
aperture  than  when  diaphramed  down.  j.  a.  b. 

6.  What  are  the  practical  difficulties  in  the  way  of  better  eyepieces  ?  Do  not 
expert  opticians  prefer  to  temper  the  objective  to  the  eyepiece  rather  than  to 
attack  the  latter  and  attempt  to  improve  it  ?  The  negative  eyepiece  is  fair,  but 
is  it  not  much  behind  objectives  in  perfection  ?  s.  g.  s. 

Answer:    In  answer  to  this  question  I  might  say  that  there  is  no  difficulty  in 
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the  waj  of  making  good  ejepieces  for  telescopes,  although  I  find  that  the  hest 
obsenrers  prefer  to  nse  the  good  old  fashioned  Ramsden  positive  and  Hnygenian 
negative  eyepiece.  For  high  powers,  indeed  for  ail  negative  eyepieces  above  94 
inch  equivalent  fbctts.  the  writer  prefers  the  solid  eyepiece.  They  give  nearly  one- 
third  more  light,  have  bat  two  surfaces  to  reflect 'the  li^ht  back  again,  and  the 
definition  in  the  center  of  the  field  with  a  good  objective  is  of  the  highest  class. 

He  would  be  a  sorry  optician  who  would  '*  temper  the  objective  to  suit  the 
eyepiece."  I  know  such  a  method  has  been  advocated,  but  what  if  you  temper 
an  objective  to  suit  the  various  kinds  of  eyepieces  used  ?  The  optician  would 
have  a  more  difficult  contract  to  fulfil  than  he  now  has,  and  as  it  is  the  conditions 
are  difficult  enough.  T-  a.  B. 

6.  There  is  a  £aint  star  in  Cassiopeia  not  far  from  x,  the  location  of  Tycho's 
Nova,  as  given  by  Dr.  Klein  which  I  have  been  watching  for  a  week,  and  can  find 
nothing  to  correspond  with  it  in  Klein's  map  and  D' Arrest's  chart.  Is  it  not 
worth  the  while  of  observers  to  examine  it  ?  Its  position  roughly  is  30^  right  as- 
cension and  63^  2<y  declination.  b.  p. 

Answer:  A  photo^aph  of  the  constellation  Cassiopria  taken  at  Northfield, 
Sept.  21 ,  with  the  2H-mch  camera  shows  no  star  brighter  than  8  or  9  magnitude 
near  the  places  of  Tycho's  Nova.    See  also  page  166. 

7.  What  is  the  latitude  and  the  longitude  of  Goodsell  Observatory,  Carleton 
College? 

Answer:  Latitude  =  +  44<»  27'  41".6 ;  longitude  =  6^  1 2*  35'.86  west  from 
Greenwich. 

8.  Would  it  not  make  your  predictions  of  current  celestial  phenomena  more 
valuable  to  the  average  person  it  reduced  to  Central  Standard  time? 

Answer:  The  times  of  all  the  phenomena  are  reduced  to  central  time  except 
the  times  of  risin^^  and  setting  ot  the  planets  and  those  of  occultations  The 
times  of  rising  and  settinfl:  depend  nprm  ihc  location  of  the  observer  and  the  cen- 
tral times  of  these  arc  different  for  every  different  longitude,  while  the  local  times 
are  practically  the  8»ime  for  all  places  in  nearly  the  same  latitude.  To  obtain  the 
standard  times  the  oliserver  has  only  to  n\}[Ay  the  reduction  from  local  to  stand» 
ard  time  for  his  own  place. 

The  times  of  occultations  vary  so  much,  because  of  |)arallax,  as  seen  from  dif- 
ferent places,  that  we  have  not  thought  it  worth  the  while  to  reduce  them  to 
standard  time,  which  would  be  correct  only  tor  Washington. 

9.  Will  you  kinily  inform  me  through  your  question  and  answer  column, 
what  is  the  exact  course  of  the  light  rays  through  a  photographic  portrait  lens? 
No  books  to  which  I  have  access  give  a  satisfactory  diagram.  I  am  using  a 
Darlot  lens  of  this  description  for  stellar  photography,  and  it  is  of  course  impor- 
tant to  take  advantage  of  the  full  apertnre.  The  question  has  arisen,  whether 
there  is  a  loss  of  light  from  the  fixed  diaphragm  between  the  lenses.  I  suppose 
that  there  is  no  doubt  that  the  definition  of  an  ordinary  commercial  lens  is  im- 
proved by  it,  but  is  there  not  a  certain  loss  of  light,  even  if  its  aperture  is  as 
great  as  a  section  of  the  cone  of  rays  from  the  front  lens.  My  **Shoptician,'* 
as  Leckey  calls  a  mere  dealer  in  optical  wares,  insists  that  the  rays  cross  between 
the  lenses  and  that  therefore  quite  a  small  stop  may  be  used  at  the  point  of  inter- 
section. This  seems  to  me  to  be  nonsense,  as  the  focus  of  the  front  lens  is  more 
than  ten  times  as  long  as  the  distance  between  it  and  the  diaphragm  referred  to. 
and  yet  I  confess  that  I  do  not  see  why  the  back  lens  should  have  an  aperture 
nearly  as  great  as  that  of  the  front,  unless  its  large  aperture  is  intended  to  sub- 
serve some  useful  purpose. 

I  am  also  doine  some  photographic  work  with  an  enlarging  lens,  attached  to 
my  telescope  and  should  be  grateful  for  a  formula  to  obtain  the  magnification  of 
a  given  projection,  e.  g.,  if  I  use  an  enlaixitig  lens  of  2-in.  e,  f.  with  an  object 
glass  of  70  inches  focus,  at  what  distance  shotud  the  screen  be  placed  to  obtam  a 
magnification  of  ten  diameters  ?  Is  the  practice  of  measuring  the  image  of  the 
Sun,  on  a  photographic  plate  taken  at  the  principal  focus,  and  comparing  this  di- 
ameter with  that  of^  the  enlarged  projection  a  correct  one  ?  P. 

(1)  Regarding  "the  exact  course  of  the  light  rays  through  a  photographic 
portrait  lens,"  there  are  two  ways  in  which  the  subject  may  be  approached. 

All  that  happens  to  a  ray  of  light,  on  passing  through  a  portrait  lens,  is  sim- 
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ply  a  aeries  of  successiye  refractioiis  at  taccesslYe  spherical  sariaces.  The  law  of 
re&action  at  a  single  spherical  sariace  is  giveii  in  all  the  elementary  books.  As  a 
first  method,  then,  the  inatiirer  may  trace  the  rav  through  the  crown,  into  the 
flint,  then  into  the  space  between  the  front  and  back  lenses  and  again  through 
the  flint  and  crown  into  the  air.  To  do  this  accurately  one  mast  k^ow  the  radii 
of  cnnratnre  and  the  refractive  indices  of  the  lenses.  He  must  also  know  the  rd- 
ative  i>osition  of  the  separate  lenses  as  well  as  the  direction  and  point  of  incidence 
of  the  incident  ray.  But,  if  the  focal  lengths  of  the  front  and  back  lenses  are  each 
known,  there  is  no  difficulty  in  tracing  the  ray  in  a  sort  of  general  way  without 
any  more  exact  information,  remembering  simply  that  the  back  lens  recdves  a 
cone  of  rays  which  have  had  new  directions  impressed  upon  them  by  the  ht>nt 
lens. 

The  back  lens,  in  turn,  makes  this  cone  still  more  convergent,  so  that  the  apex 
of  the  cone  falls  on  the  ground  glass,  when  the  instrument  is  properly  focused.  ^ 

A  second,  and  vastly  more  elegant^  method  of  treating  such  a  lens  is  that  in- 
troduced by  Gauss.  The  beauty  of  his  treatment  is  that  it  disregards  at  once 
and  entirely  the  actual  path  of  the  ray  in  the  glass.  He  determines  four  points  on 
the  optical  axis  of  the  lens—the  so-called  cardinal  points.  These  being  once  deter- 
mined, the  path  of  any  emergent  ray  is  determined  immediatei^r  and  simply  from 
the  path  ot  the  incident  ray.  Space  does  not  permit  us  to  go  into  further  detail 
than  to  sav  that  two  of  these  cardinal  points  are  the  two  principal  foci  of  the 
lens  and  that  the  other  two  are  known  as  the  '*  principal  points"  of  the  lens. 
These  latter  are  defined  by  this  remarkable  property,  vix.,  that  an  object  placed 
at  one  of  the  principal  points  will  give  an  erect  linage  of  the  same  site  at  the 
other  principal  point. 

Any  one  who  cares  to  look  into  this  matter  frirther  will  find  the  matter  dis- 
cussed in  an  elementary  way  in  Pendlebnry's  "Lenaca  and  Sjstems  of  Lenses:'* 
also  in  Heath^'s  Geometrical  Optics. 

(2)  In  answer  to  the  second  in(}uiry,  it  is  to  be  noted  that  in  general  the  use 
of  a  diaphragm  occasions  a  loss  of  hght.  But,  in  the  particular  case  mentioned, 
where  the  aperture  of  the  stop  is  as  great  as  the  section  of  the  cone  of  rays  at 
that  point,  of  course  there  can  be  no  loss  of  Hght. 

It  must  not  be  forgotten,  however,  in  this  connection,  that  the  diameter  of  the 
stop  is  not  the  same  as  the  e£fective  aperture  of  the  lens  when  used  with  this  stop. 

Not  only  does  a  stop  in  general  produce  a  loss  of  light,  but  it  also  changes  the 
distribution  of  light  on  the  ground  glass,  diminishing  the  intensity  near  the  edge 
of  the  plate. 

(3)  As  to  the  necessity  for  a  latge  aperture  in  the  rear  lens,  this  is  not 
avoided  by  the  use  of  a  small  stop.  For,  consider  a  bundle  of  rays  coming  fi^m 
any  point  on  the  extreme  right  of  the  field.  This  bundle  will  pass  through  the 
right  hand  edge  of  the  front  lens,  then  through  the  small  stop,  and  lastly  through 
the  left  hand  Mge  of  the  rear  lens. 

No  two  rays  fi^m  any^  real  point  will  intersect  between  the  front  and  back  of 
a  portrait  lens.  Such  an  intersection  occurs  only  at  some  focus.  But,  certainly, 
rays  from  difierent  points  of  the  field  vrill  cross  each  other  in  the  plane  of  the  dia- 
phragm. 

(4)  As  to  the  magnifying  power  of  an  enlarging  lens,  this  is  given  immedi- 
ately by  the  ratio  of  the  focallength  of  the  combination  to  the  focal  length  of  the 
objective. 

By  *' focal  length"  is  here  meant  the  true  focal  length  and  not  the  so-called 
'•back  focus." 

The  only  question  involved  is,  then,  the  determination  of  the  focal  length  of 
the  combination.    Let  us  call  this  quantity  P.    Then 

{Pi  =  true  focal  length  of  obiective. 
Pa  =  true  focal  length  of  emaiging  lens. 
D  =  distance  between  second  principal  focus  of  objectivie  and  first  princi- 
pal focus  of  enlaiging  lens. 

D  is  positive  when  the  two  lenses  are  separated  by  a  greater,  and  ntt^tive  when 
they  are  separated  by  a  less,  distance  than  the  sum  of  their  focal  lengths.  In« 
the  case  of  the  ordinary  astronomical  telescope,  when  a4)tisted  for  eye  observa- 
tions, D  =  0. 
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Knowing  P,  we  now  know  the  magnifying  power  of  the  combination.  It  re- 
mains to  find  the  position  at  which  the  acreen  or  gronnd-^laas  mnst  be  placed :  in 
other  words,  we  mnst  find  the  "back  fbcos  "  of  the  combmation. 

Bnt  this  is  easily  done,  for  we  haTC  only  to  add  to  the  true  focal  length  the 
quantity  C,  in  order  to  obtain  the  "back  iocns/'  where  very  approximatefy* 

n-,Pi(D  +  Fi  +  Ft) 
D 

In  the  particular  kns  cited  in  the  inquiry ,  the  writer  does  not  state  whether 
the  enlargmg  lens  is  negatiTC  or  positive.  In  order  to  show  the  application  of  the 
aboTC  fbrmmie  to  his  case  we  shall  assume  that  he  is  using  a  double  concave,  as  in 
the  ordmaxy  tdephotographic  combination. 
Then  we  have  given 

Pi  =  +  70  inches 
P,  =  —    2     " 
Magnifying  power  =:  10 
Hence 

P  =  Pi  X  magnifying  power  =  70  X  10  ==  700  inches 

D  =  +  ?^  =  +  0.2  inches 

and 

C  =  _a  (0.2  +  70-2)  ^_  es2  JBcto. 
0.2 

Adding  this  correction,  C,  to  the  t;ue  focal  lensth  of  the  combination,  700 
inches,  we  have  18  inches  as  the  "  back  focus"  of  the  ssrstem.  In  other  words, 
the  mtem  will  magnify  ten  times  when  the  ground^^lass  is  18  inches  behind  the 
rear  kns  and  the  rear  lens  is  (2  —  0.2)  =  1.8  inches  m  front  of  the  principal  focus 
of  the  first  lens.  This  result  a^pnees,  as  will  be  seen,  with  the  general  rule  that  the 
magnifying  power  of  any  lens  is  the  ratio  of  the  distances  of  the  image  and  object 
from  the  center  of  the  lens.  H.  c. 
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Patrons  will  ]>lease  notice  the  first  page  of  the  advertisements  which  gives 
some  idea  of  the  circulation  of  this  new  periodical. 


The  wide  area  that  our  circulation  covers  is  laigely  due  to  the  favorable  and 
generous  notice  that  the  press  has  given  of  Popular  Astromomt  very  generally 
at  home  and  abroad. 


Groodsell  Obserratory  has  just  received  a  new  photographic  camera; 
lenses  6-inches  clear  aperture  and  focal-length  30-inches,  giving  a  field  of  view  in 
the  skvof  16%^.in  diameter.  The  curves  of  the  lenses  were  computed  by  Professor 
C.  8.  Hastings,  of  Yale  University,  the  grinding  and  polishingMnras  done  by  J.  A. 
Brashear  of  Allegheny,  Pa.,  and  the  mounting  was  made  by  Warner  &  Swasey, 
Cleveland,  Ohio. 

Popular  Astronomt  will  soon  give  some  fine  pictures  of  celestial  objects 
from  photographs  made  by  this  new  camera. 


Peculiar  Phenomena.^  About  10  o'clock  p.  m.,  central  standard  time, 
Nov.  18.  there  appeared  in  the  north  a  Btt-red  Btreak  of  marked  brilliancv.  It 
began  aix>ut  10^  above  horizon  and  extended  about  16^  or  20^  exactly  in  the 
meridian  so  far  as  could  be  judged  by  observation. 

It  was  not  over  a  decree  or  so  wide,  with  its  edges  sharply  marked.  There 
was  only  one  streak  and  it  maintained  its  position  in  the  9kj  and  its  length  and 
breadth  for  the  16  minutes  that  it  was  onserved.   Its  brilliancy  remained  a  con- 
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stant  to  the  end  except  that  a  vety  slight  reddish  haze  seemed  to  form  about  the 
lower  end  of  the  streak.  Its  sharpn^M  of  oatline  was  perhaps  magnified  by  the 
background  of  floating  dark  donds.  No  one  to  my  knowledge  saw  it  form ;  it 
melted  awa^  very  suddenly.  To  my  mind  it  seemed  like  a  most  intense  electrical 
dischatge,  like  a  gigantic  Geissler  tube.  There  was  no  flickering,  no  wavering,  but 
it  was  constantly  steady. r.  l,  backett. 

Meteor  in  Daytime.— Miss  E.  M.  Bardwell, 
South  Hadley,'  Mass.,  has  given  us  an  account  of  a 
meteor  seen  at  the  above  named  place  at  10  o'clock  a. 
M.,  Standard  Bastem  Time,  in  the  N.  N.  W.,  about 
25^  above  the  horizon,  moving  nearly  vertically 
downward,  in  a  path  slightly  curved  and  about 
AYt  degrees  long.  The  meteor  was  ot  a  beautiful 
green  color,  somewhat  elongated  and  sharply  de- 
fined, the  shortest  dinmeter  about  one  third  that  of 
the  moon;  motion  slow.  There  was  considerable 
haze  in  the  atmosphere  with  some  white  floating 
clouds  at  the  time,  yet  the  meteor  was  seen  by  sev- 
eral students  on  the  way  to  recitation  while  they 
were  going  N.  N.  E.  It  is  remarkable  that  the 
meteor  should  have  been  seen  under  such  circumstan- 
ces and  especially  that  the  break  in  the  train  should 
have  been  noticed  as  shown  in  the  accompanying  cut. 


Brilliant  Meteor.— At  7.12  (E.  time)  this 
evening,  a  brilliant  meteor  was  observed  just  east  of 
the  moon,  moving  in  a  south  wesf  erly  direction.  It 
passed  near  fi,  Capricorni  and  disappeared,  below 
Altair,  30®  from  horizon,  covering,  I  should  judge, 
about  70®  of  the  sky,  and  occupying  3  seconds  of 
time.  The  moon  12  days  old,  was  clear  and  bright 
rendering  it  difficult  to  locate  the  exact  path  or 
point  of  disappearing.  The  meteor  was  of  a  deep 
olaisb  hue,  slightly  pear-shaped,  with  no  trail  and  apparently  larger  and 
brighter  than  Jupiter,  then  above  E.  horizon.  Just  before  disappearing  a  frag- 
ment separated  from  its  northern  side,  (no  report  heard),  moving  in  same  direc- 
tion but  gradually  dropping  behind,  this  was  of  a  decided  oranffe  tint,  and 
vanished  from  view  a  trifle  earlier  than  the  larger  one.  j.  c.  sanford. 

Marblehead,  Mass.,  Oct.  21st,  1893. 

The  November  Meteors.— The  Leonid  meteor  radiant  was  photographed  on  the 
mornings  of  Nov.  14  and  16,  with  the  2V^inch  Darlot  lenses  of  Goodsell  Observa- 
^ory.  Two  exposures  were  made  on  the  morning  of  the  14th,  the  one  from  3** 
60"  to  6*»,  the  other  from  5^  to  e\  The  field  covered  by  the  plates  is  24®  in  diam- 
eter, C  Leonis  being  placed  in  the  center.  The  first  plate  on  the  14th  shows  one 
meteor  trail  near  the  star  x  Leonis.  It  is  about  1°  long  and  points  exactly  to- 
ward the  Leonid  radiant.  It  is  near  the  edge  of  the  plate  where  the  definition  is 
poor,  so  that  it  is  not  well  shown.  The  other  plates  show  no  trails  at  all.  I  saw 
out  fbw  meteors  while  the  exposures  were  being  made,  and  no  very  bright  ones. 
The  few  Leonids  I  did  see  moved  so  swiftly  that  it  is  doubtful  whether  their  trails 
would  have  been  impressed  upon  the  plate  had  they  been  within  the  range  of  the 
camera.  H.  c.  w. 

November  Meteors.— The  November  meteors  were  far  more  abundant  this  year 
than  I  have  ever  seen  them  before.  Especially  were  they  plentiful  on  the  morn- 
ings of  November  13, 14,  and  16.  Many  very  brilliant  ones  were  seen.  One  on 
the  morning  of  the  14th  burst  just  below  Coma  Berenices.  It  was  nearly  as  lai^ 
as  the  full  Moon.  On  November  16th  at  14^  60"^  a  splendid  meteor  from  Leo 
shot  across  the  sky  and  burst  between  Zeta  and  Eta  Ursse  Majoris.  This  left  a 
persistent  train  about  10®  long  which  remained  bright  and  straight  for  about  five 
minutes— like  a  slender  comet— it  then  collected  into  a  cloudy  mass  at  the  point 
of  explosion.  This  elongated  mass  of  luminositv  remained  distinctly  visible  for 
half  an  hour,  drifting  due  east  in  the  meantime  about  7®.  As  I  was  photograph- 
ing the  comet  at  this  time  I  could  not  turn  my  telescope  to  it  to  see  how  long  it 
remained  visible  after  it  had  ceased  to  be  seen  with  the  naked  eye. 

Mt.  Hamilton,  Nov.  19, 1893.  B.  B.  basnard. 
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BARI.Y  LIFE  OP  E.  E.  BARNARD.* 


8.  W.  BURNHAM. 


Edward  EmetBon  Barnard  was  bom  in  Nashville,  Tennessee, 
December  16,  1857.  His  early  education  was  limited  to  two 
months'  attendance  at  a  common  school,  and  snch  instruction  as 
Us  excellent  mother  could  give  him  at  home;  and  all  of  his  ac- 
4]uirement8  in  literature,  the  sciences  and  languages  in  late  years 
axe  the  results  of  his  own  earnest  efforts.  Fatherless  and  desti- 
tute at  the  close  of  the  war,  he  began  at  the  age  of  eight  or  nine 
to  work  in  a  laige  photographic  studio  in  Nashyille,  and  contin- 
tied  to  follow  the  occupation  of  photographer  until  1883.  Dur- 
ing this  time  he  had  mastered  every  department  of  the  photo- 
graphic art,  and  had  become  invaluable  to  his  employers  as  a 
faithful  and  accomplished  assistant.  His  has  been  a  struggle 
single-handed  for  existence.  Handicapped  by  sorest  distress  and 
poverty  from  the  first,  he  has  fought  the  battle  of  life  alone  and 
is  in  the  supremest  sense  of  the  word  a  self-made  man,  as  can  be 
well  attested  by  the  people  of  his  native  city. 

From  an  early  age  he  had  been  interested  in  optical  matters, 
and  this  interest  was  increased  by  the  use  of  the  various  lenses 
-employed  in  the  gallery.  He  was  always  interested  in  watching 
the  heavens  at  night,  the  change  of  the  face  of  the  sky  from 
month  to  month,  the  movements  of  the  planets,  the  phenomena 
of  eclipses,  and  other  striking  astronomical  events.  -This  interest 
received  an  impulse  in  a  curious  way.  In  1876  a  friend  happened 
to  leave  in  the  young  photographer's  possession  for  a  few  days 
-an  old  book  which  he  was  delighted  to  find  was  a  copy  of  Dr. 
Thomas  Dick's  Practical  Astronomer.  This  book  was  studied 
with  great  avidity,  and  it  awakened  a  thirst  for  astronomical 
knowledge  which  has  never  since  ceased  to  be  controlling.  This 
work,  long  since  left  behind  in  the  great  advance  of  the  science 
was  Uke  a  revelation.  It  told  the  stories  of  the  stars  and  the 
planets,  and  the  wonders  revealed  by  the  telescope.  Now,  for 
the  first  time,  he  had  some  idea  of  the  uses  of  astronomical  instru- 

*  This  it  the  first  of  a  series  of  articles  portions  of  which  have  already  ap- 
peared in  Hmrpei^a  MagaMine,  Ai^gnst,  1893. 
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mefits.  He  had  never  seen  either  a  telescope  or  an  Observatory. 
All  he  knew  of  the  literature  of  the  subject  was  found  in  this  old 
book.  In  its  day  it  was  one  of  the  most  valuable  general  works 
on  the  subject,  and  it  is  still  a  delightful  book  to  read;  but 
modem  observers,  aided  by  improvements  in  methods  and  instru- 
mental appliances,  have  made  many  discoveries  since  that  time, 
and  a  treatise  on  the  new  astronomy  of  the  nineteenth  century 
must  bear  a  recent  date.  From  the  maps  of  the  constellations 
and  other  engravings,  he  speedily  learned  to  identify  the  objects 
in  the  sky  about  which  he  had  been  reading ;  and  the  descriptions 
of  celestial  wonders  had  now  a  new  interest.  Then  came  the  de- 
sire to  possess  some  kind  of  telescope,  and  finally  he  obtained  the 
object  lens  of  a  common  spy-glass,  and  mounted  it  in  a  paper 
tube  made  by  himself.  This  lens  was  about  one  inch  in  diameter 
dnd,  of  course,  was  never  intended  for  looking  at  celestial  objects. 
Still  it  revealed  the  heavens  as  they  can  never  be  seen  by  the  un- 
aided eye,  and  showed  the  beautiful  crescent  form  of  Venus  and 
the  discs  of  Jupiter  and  other  planets.  It  is  certain  that  the  in- 
tense excitement  caused  by  the  views  obtained  by  this  crude 
instrument  was  never  equalled  in  after  years  when  he  was  occu- 
pied in  making  a  series  of  brilliant  discoveries  with  the  largest 
and  most  powerful  telescope  in  the  world.  Such  excitement 
comes  but  once  in  a  lifetime,  although  the  enthusiasm  and 
interest  in  the  subject  may  never  be  abated. 

About  this  time  a  traveling  showman  with  a  small  glass  for 
street  exhibition  appeared  in  Nashville,  and  young  Barnard  was 
a  steady  patror  whenever  nickels  were  suflSciently  plenty  to 
warrant  such  a  dissipation.  This  was  not  much  of  a  telescope, 
but  it  was  superior  to  the  home-made  affair  he  had  constructed 
for  himself.  He  resolved  to  have  a  better  instrument  of  his  own, 
and  after  practicing  the  most  rigid  economy,  he  was  enabled  in 
1877  to  purchase  a  telescope  of  five  inches  aperture  with  a 
proper  mounting,  and  a  suitable  equipment  of  eye-pieces  and 
other  accessories.  In  August  of  that  year  he  met  in  Nashville 
Professor  Simon  Newcomb,  the  distinguished  Washington  as- 
tronomer and  received  from  him  advice  and  kindly  suggestion  in 
regard  to  the  future;  and  this  encouragement  was  of  much  value 
in  his  efforts  to  accomplish  something  with  the  new  instrument. 
In  these  days  of  expensive  equatorials  mounted  in  revolving 
domes  with  every  mechanical  and  optical  appliance  of  the  most 
perfect  description,  a  portable  instrument  to  be  used  on  the 
house  top,  in  the  back  yard,  or  wherever  it  was  most  convenient, 
would  hardly  be  thought  worthy  of  mention,  but  still  it  was  an 
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instrument  with  which  the  yoi^ng  astronomer,  with  a  zeal  and 
enthusiasm  superior  to  all  outside  discouragements,  could  do 
valuable  astronomical  work  and  this  may  be  said  to  be  the  be- 
ginning of  an  unbroken  series  of  brilliant  discoveries  and  obser- 
vations of  permanent  value  in  a  wide  range  of  practical  astro- 
nomical subjects. 

His  first  systematic  work  of  any  importance  with  this  tele- 
scope was  a  careful  study  of  the  planet  Jupiter,  and  the  popular 
scientific  periodicals  of  the  time  contain  many  of  his  contribu- 
tions on  this  subject.  This  planet,  the  largest  of  the  solar  system, 
seems  to  have  had  a  special  charm  for  the  young  astronomer  at 
the  very  beginning  of  his  use  of  the  telescope ;  and,  to  use  his 
own  modest  statement  at  the  time,  he  '*  began  regular  observa- 
tions of  Jupiter  and  contributed  his  mite  in  drawings  and  obser- 
vations of  that  changing  old  planet."  In  late  years  this  work 
was  continued  with  instruments  of  much  greater  power,  and 
finally  culminated,  as  will  be  referred  to  hereafter,  in  the  grand 
discovery  of  a  new  member  of  the  magnificent  Jovian  system.  It 
may  be  worth  mentioning  in  this  connection  that  when  he^  first 
went  to  work  in  the  photographic  gallery  he  was  placed  on  a 
large  platform  in  charge  of  the  printing  with  an  immense  solar 
camera  on  the  roof  of  the  gallery.  This  was  the  largest  camera 
of  the  kind  in  existence  in  this  country  or  elsewhere,  and  was  de- 
signed to  print  directly  life-sized  figures  on  silvered  paper.  It 
was  his  duty  to  keep  the  camera  accurately  directed  to  the  Sun, 
the  sunlight  being  passed  through  the  mammoth  condensers  and 
the  negative  thus  projecting  the  image  on  the  sensitized  paper. 
This  colossal  instrument  bore  its  name  significant  now,  in  large 
letters,  painted  on  its  side,  ^'Japiter.** 


THB  FIXED  STARS. 


W.  H.  S.  MONCK,  DuBLiif,  Ikbi,and. 
I. 

Probably  the  greatest  advance  that  astronomy  has  made 
within  the  present  century  has  been  in  Stellar  Astronomy— the 
department  of  the  fixed  stars  and  the  nebulas  that  belong  to  the 
same  remote  region.  And  it  is  in  this  department  also  that  as- 
tronomy is  at  present  advancing  with  the  most  rapid  strides— so 
much  so  that  any  treatise  on  Stellar  Astronomy,  unless  frequently 
rewritten  would  soon  be  out  of  date.    A  periodical  like  PopuI/AR 
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Astronomy  has  the  advantage  of  being  able,  not  only  to  give  a 
sketch  of  the  state  of  the  science  at  the  existing  juncture,  but  to 
note  its  advances  from  time  to  time. 

The  history  of  Stellar  Astronomy  is  interesting,  but  until  re- 
cently it  did  not  form  a  science.  Star  catalogues  may  form  the 
basis  of  a  science,  but  they  are  not  scientific  in  themselves.  The 
discovery  implied  in  the  very  title  of  Fixed  Stars  is  no  doubt  of 
early  date ;  but  it  was  reserved  for  the  moderns  to  ascertain  that 
they  ^re  not  fixed  and  to  determine  within  certain  limits  the  ve- 
locity and  direction  of  their  motions.  But  before  the  great  dis- 
covery which  is  associated  with  the  name  of  Copernicus  the  fixity 
of  these  stars  was  calculated  rather  to  mislead  astronomers 
than  to  direct  them  to  the  truth.  How  could  a  number  of  stars, 
situated  at  various  distances,  but  measured  in  all  cases  by  thou- 
sands of  millions  of  miles,  perform  a  revolution  round  the  Earth 
in  every  twenty-four  hours?  The  velocity  supposed  by  such  a 
theory  was  inconceivable,  and  the  natural  supposition  was  that 
they  were  situated  pretty  nearly  at  the  same  distance  from  us 
and«that  not  a  very  great  one.  And  without  forming  some  toler- 
able notion  of  their  distances  it  was  impossible  to  arrive  at  any 
trustworthy  conclusion  with  respect  to  their  nature.  If  com- 
paratively near  us  their  light  must  fall  greatly  short  of  that  of 
the  Sun,  and  if  sun-like  bodies  they  must  be  either  much  smaller 
or  much  fainter  t&an  the  luminary  of  our  system.  The  Copemi- 
can  theory  had  to  win  its  laurels  before  any  real  progress  could 
be  made.  When  that  theory  was  once  established,  it  was  natural 
to  suppose  that  the  apparent  motionlessness  of  the  fixed  stars 
arose  from  their  distances  being  vastly  greater  than  those  of  the 
Sun  or  planets.  That  bodies  situated  at  such  vast  distances 
should  shine  as  brightly  as  they  do  by  reflected  sunlight  seemed 
improbable.  They  gave  light  of  their  own.  They  were  suns; 
though  whether  they  were  not  much  smaller  suns  than  ours  re- 
mained still  undecided.  The  Copernican  theory  too  was  speedily 
followed  by  the  discovery  that  the  Sun  was  more  remote  than 
had  hitherto  been  supposed,  and  of  course  the  distances  of  the 
fixed  stars  were  proportionally  augmented. 

It  was  soon  found  that  the  only  way  of  endeavoring  to  ascer- 
tain the  distance  of  a  fixed  star  was  by  means  of  its  annual  par- 
allax or  the  angle  which  the  radius  -of  the  Earth's  orbit  sub- 
tended at  the  star.  Hooke  appears  to  have  been  the  first  to 
make  this  attempt.  He  obtained  for  the  star  y  Draconis  an 
annual  parallax  of  nearly  half  a  minute.  This  was  of  course 
altogether  wide  of  the  mark,  but  still  it  made  the  star  about 
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7,000  times  as  distant  as  the  Sun,  at  which  distance  the  Sun's 
light  would  be  reduced  in  the  proportion  of  50,000,000  to  1. 
The  sun-like  character  of  the  star  was  thus  confirmed.  But  even 
if  astronomical  instruments  had  then  been  much  more  perfect 
than  they  were  at  this  period,  no  satisfactory  result  could  have 
been  attained.  It  was  not  until  after  Bradley's  discovery  of  the 
aberration  of  light  that  the  problem  of  ascertaining  the  distance 
of  a  fixed  star  could  be  taken  up  with  any  real  prospect  of  suc- 
cess. The  result  of  repeated  trials  was  that  the  parallax  rarely 
exceeded  the  limits  of  error,  and  that  even  where  it  did  so  the 
limits  of  error  usually  bore  a  considerable  proportion  to  the  re- 
sult. It  may,  I  think,  be  laid  down  that  no  star  hitherto  ex- 
amined (and  most  of  those  likely  to  have  sensible  parallaxes 
have  been  examined)  has  a  parallax  of  as  much  as  one  second  or 
is  situated  nearer  to  us  than  200,000  times  the  distance  of  the 
Sun.  The  Sun's  light  would  be  reduced  in  the  proportion  of 
40,000,000,000  to  1  if  it  were  removed  to  this  distance;  and 
though  it  is  no  easy  task  to  compare  the  light  of  the  Sun  with 
that  of  a  star,  I  think  most  readers  will  be  prepared  to  admit 
that  40,000,000,000  stars  as  bright  as  Sirius  would  give  more 
light  than  the  Sun. 

The  telescope  had  not  been  long  in  use  before  some  double  stars 
were  discovered  and  the  hypothesis  that  one  of  these  stars  re- 
volved round  the  other  as  the  planets  revolve  round  the  Sun  was 
not  an  unnatural  one  to  form.  It  was  reserved  for  Sir  William 
Herschel  however  to  discover  that  such  was  the  fact,  and  the 
discovery  I  believe  belongs  to  the  present  century.  Besides  the 
difiiculty  of  measuring  distances  and  angles  with  the  requisite 
accuracy,  however,  another  difiiculty  presented  itself  in  our 
efforts  to  extend  the  law  of  gravitation  to  the  fixed  stars.  The 
smaller  star  ought  under  the  influence  of  that  law  to  describe  an 
ellipse  having  the  larger  star  in  the  focus  But  if  an  ellipse  is 
presented  sideways  to  the  eye— as  the  orbit  of  a  double  star 
usually  will  be-^t  will  indeed  still  appear  to  be  an  ellipse  but  the 
focus  will  generally  be  displaced.  The  usual  result  therefore  is 
that  one  star  will  revolve  round  the  other  in  an  ellipse,  but  the 
larger  star  will  not  appear  to  be  in  the  focus.  We  can  find,  how- 
ever, at  what  angle  the  plane  of  the  orbit  should  be  inclined  to  the 
line  of  sight  so  as  to  make  the  larger  star  the  focus  of  the  real 
ellipse;  and  in  this  way  the  orbits  of  about  seventy  double 
stars  have  been  already  computed.  But  that  these  stars  are 
moving  under  the  influence  of  gravitation  is  assumed,  not 
proved.    To  prove  it  we  should  be  able  to  show  that  the  orbit  is 
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really  inclined  to  the  line  of  sight  at  the  supposed  angle.  The 
spectroscope  may  clear  up  this  doubt  hereafter  by  ascertaining 
the  velocity  of  the  smaller  star  in  the  line  of  sight  at  diflferent 
points  of  its  orbit.  Bat  that  instrument  has  to  a  large  extent  re- 
moved the  doubt  already.  It  has  proved  that  the  atmospheres 
of  the  stars  contain  elements  such  as  hydrogen  and  iron  which 
are  known  to  gravitate.  If  these  elements  gravitate  when  within 
the  limits  of  the  solar  system  few  persons  will  suppose  that  they 
lose  their  attraction  when  they  pass  beyond  those  limits— that,  for 
instance  ,the  carbon  in  a  comet  which  moves  in  a  parabolic  or 
hyperbolic  orbit  loses  its  attractive  force  when  it  gets  to  a  suf- 
ficient distance  from  the  Sun,  or  else  that  it  continues  to  attract 
and  to  be  attracted  by  the  Sun,  though  it  is  uninfluenced  by  the 
carbon  of  the  other  stars  which  it  approaches  in  its  grand  sweep 
though  the  sky. 

That  the  fixed  stars  are  gravitating  bodies  shining  by  their 
own  inherent  light  and  comparable  with  the  Sun  both  as  regards 
mass  and  brilliancy  seems  thus  to  be  established.  Yet  probably 
an  astronomer  who  made  this  assertion  in  the  last  year  of  the 
eighteenth  century  would  have  gone  somewhat  beyond  the  evi- 
dence then  available.  And  as  there  are  very  few  stars  whose 
parallaxes  can  as  yet  be  regarded  as  reliable  there  are  also  very 
few  binary  stars  whose  orbits  can  be  regarded  as  certain.  But 
these  uncertainties  do  not  affect  our  general  results.  In  the  first 
place  we  know  that  the  error  cannot  exceed  limits  which  in  some 
cases  are  rather  moderate.  In  the  second  place  when  we  are 
dealing  not  with  individual  stars  but  with  classes  of  stars  the 
averages  are  much  more  reliable  than  any  single  result.  And  the 
average  parallaxes  or  distances  of  the  stars  are  confirmed  in 
other  ways.  As  soon  as  it  was  conjectured  that  the  stars  were 
subject  to  the  law  of  gravitation  it  was  inferred  that  they  were 
not  motionless.  Comparison  of  different  catalogues  compiled 
at  different  times  have  established  the  fact  that  many  of  them 
move,  and  have  enabled  us  to  determine  the  amount  of  the  mo- 
tion measured  on  the  celestial  sphere.  Since  the  introduction  of 
the  spectroscope  we  have  obtained  another  measure  of  velocity 
—velocity  in  the  line  of  sight.  The  former  velocity,  however,  is 
measured  in  arcs  on  the  celestial  sphere— the  latter  in  miles  per 
second.  As  the  stars  are  too  distant  to  be  much  influenced  by 
the  motions  of  the  solar  system  we  may  fairly  assume  that,  on 
a  general  average,  the  motion  in  any  given  direction  will  be 
about  equal  to  that  in  another  direction  at  right  angles  to  it ; 
and  in  this  way  we  can  estimate  what  motion  in  miles  per  second 
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is  equivalent  to  a  given  motion  in  seconds  or  fractions  of  a 
second  on  the  celestial  arc.  The  result  is  to  confirm  the  great 
distances  of  the  fixed  stars.  The  average  motion  of  about  fifty 
stars  in  the  line  of  sight,  according  to  Vogel's  observations,  is  a 
little  over  10  miles  per  second.  Stars  of  this  brightness  have  a 
motion  (on  the  average)  on  the  celestial  vault  of  less  than  half  a 
second  annually ;  and  this  embraces  the  motions  in  two  out  of 
three  directions  mutually  at  right  angles  where  the  motion  in  the 
Kne  of  sight  gives  the  third.  Very  small  parallaxes  or  very  great 
distances  are  thus  indicated.  But  my  present  object  is  rather  to 
point  out  that  all  the  stars  are  in  motion  as  they  would  be  if  un- 
der the  influence  of  gravitation.  Indeed  in  some  c€ises  the  mo- 
tion seems  to  be  too  great  to  be  accounted  for  by  gravitation 
alone;  but  Newton  had  to  combine  an  original  projectile  force 
with  gravitation  in  order  to  explain  the  motions  of  the  planets ; 
and  the  attempt  to  get  over  this  difficulty  by  means  of  the  nebu- 
lar hypothesis  has  not  proved  as  successful  in  the  case  of  the 
comets  as  of  the  planets.  Now  there  is  every  reason  to  believe 
that  an  original  projectile  force  combined  with  gravitation  will 
explain  all  the  motions  of  the  fixed  star^  and  that  the  law  of  grav- 
itation thus  extends  to  the  utmost  limits  of  the  universe. 

The  principles  that  the  fixed  stars  are  similar  to  the  Sun  not  to 
the  planets  in  their  self  luminosity,  in  the  intensity  of  their  light, 
and  in  their  masses,  and  that  they  are  gravitating  bodies  mov- 
ing through  space  with  great  velocity,  may  be  said  to  form  the 
foundation  of  stellar  astronomy.  These  stars  are  connected  with 
us  in  two  ways  which  our  descendants  may  yet  resolve  into  one 
—by  the  universal  gravitation,  and  by  the  ether  whose  undula- 
tions convey  their  light  to  us,  and  which  must  therefore  occupy 
the  whole  of  the  intervening  space.  This  ether  apparently  does 
not  gravitate,  but  it  may  notwithstanding  be  the  medium  by 
which  the  influence  of  gravitation,  as  well  as  of  heat,  light  and 
electricity,  is  propagated. 

One  fact  which  deterred  the  earlier  astronomers  from  accepting 
the  enormous  distances  of  the  fixed  stars  to  which  modem  re- 
search leads  us  was  the  discs  which  these  stars  present  in  the  tele- 
scope. But  these  discs  are  no  doubt  spurious,  arising  from  the 
defects  of  our  telescopes  as  optical  instruments.  When  we  use 
higher  magnifying  powers  they  do  not  increase  proportionally  as 
those  of  the  planets  do ;  and  when  the  dark  edge  of  the  Moon 
passes  over  a  fixed  star  it  is  usually  occulted  instantaneously  in- 
stead of  being  gradually  extinguished  as  would  be  the  case  if  it 
represented  a  really  sensible  disc.    The  few  exceptions  to  this  rule 
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probably  arise  either  from  the  existence  of  a  faint  lunar  atmos- 
phere, or  from  the  star  being  a  close  doable  star.  Stars  which 
mnst  present  towards  us  surfaces  of  vast  extent— -in  many  cases- 
probably  larger  than  that  of  the  Sun— are  so  distant  that  any 
measure  of  their  real  discs  is  unattainable.  Probably  in  no  case 
does  the  true  diameter  of  a  fixed  star  as  seen  from  the  Earth 
amount  to  the  thousandth  part  of  a  second!  Yet  everyone 
knows  how  brilliant  some  of  them  look  in  our  midnight  sky. 
We  need  not  be  surprised  to  learn  that  in  point  of  brilliancy  many 
of  them  rank  higher  than  the  Sun  himself.  But  our  reasons  for 
arriving  at  this  latter  conclusion  must  be  deferred  for  another 
article. 


THE  SPECTROSCOPE  AND  SOME  OF  ITS  APPJUICATIONS. 


JAMBS  B.  KBBLBR. 


III.    Practical  Details  Relating  to  the  Adjastment  and  Use  of  the 

Instrument. 

We  now  turn  to  a  consideration  of  the  conditions  on  which  the 
efficiency  of  the  spectroscope  depends.  It  is  desirable  that  the 
spectrum  shall  be  bright,  for  we  are  seldom  troubled  with  toa 
much  light,  and  that  the  lines  shall  be  fine  and  sharp,  or  in  other 
words  that  the  spectrum  shall  be  pure.  These  are  directly  con- 
flicting requirements,  for  the  brightness  of  the  spectrum  is  in- 
creased  by  widening  the  slit  (unless  it  consists  of  isolated  bright 
lines),  and  the  purity  is  increased  by  narrowing  it.  Hence  in 
practice  a  compromise  is  adopted,  determined  in  each  case  by  di- 
rect experiment.  By  using  a  higher  magnifying  power  on  the  tel- 
escope we  can  increase  the  apparent  size  of  the  spectrum,  but  as 
the  lines  are  magnified,  at  the  same  time  the  purity  is  not  changed 
and  the  spectrum  is  dimmed.  In  fact  the  laws  which  apply  to  the 
telescope  when  used  to  examine  the  spectrum  are  the  same  as 
when  it  is  used  for  any  other  purpose. 

When  the  dimensions  of  other  parts  of  the  instrument  are  al- 
tered the  eflFect  is  not  quite  so  simple.  It  should  be  observed  that 
the  different  parts  should  be  adapted  to  one  another  in  a  well 
constructed  instrument,  so  that  no  light  may  be  wasted,  and  at 
the  same  time  no  unnecessary  material  may  be  employed.  Thus, 
the  prism  should  evidently  be  large  enough  to  transmit  the  full 
^lindrical  beam  of  light  from  the  collimator,  and  it  would  be  a 
waste  of  material  to  make  it  larger.    For  the  same  reason  the 
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telescope  objective  should  be  of  the  same  size  as  the  collimator 
lens.  Assuming  that  these  principles  of  construction  are  observed, 
we  may  call  the  diameter  of  the  collimator  lens  the  aperture  of 
the  spectroscope. 

It  is  an  important  proposition  that  the  brightness  of  the  spec- 
trum is  proportional  to  the  square  of  the  aperture  of  the  spectro- 
scope. Without  attempting  to  demonstrate  the  proposition  I 
will  give  some  examples  to  illustrate  its  truth.  Suppose  that  thd 
collimator  has  a  focal  length  of  twelve  inches,  and  an  aperture  of 
one  inch,  and  that  the  observer  has  adjusted  the  width  of  the  slit 
until  the  brightness  and  purity  of  the  spectrum  are  satisfactory. 
Now  let  the  slit  with  its  width  unchanged  be  placed  in  a  collima- 
tor of  six  inches  focal  length,  and  half  an  inch  aperture,  and  the 
new  collimator  be  screwed  into  the  place  of  the  old  one.  It  might 
seem  at  first  sight  as  if  the  brightness  would  be  the  same,  for  the 
new  lens  catches  all  the  h'ght  that  fell  upon  the  old  one;  but  with 
the  new  collimator  each  monochromatic  image  of  the  slit  is  twice 
as  long  and  twice  as  wide  as  before,  while  the  length  of  the  spec- 
trum is  unchanged ;  hence  the  purity  of  the  spectrum  has  suffered, 
and  if  the  slit  is  narrowed  until  the  original  purity  is  restored,  the 
brightness  will  be  reduced  to  one-fourth  of  its  original  value. 

The  same  thing  may  perhaps  be  seen  more  clearly  by  imagining 
the  collimator  lens  to  be  increased  in  size,  the  focal  length  remain- 
ing the  same.  Starting  with  the  original  conditions,  if  the  aper- 
ture  of  the  collimator  is  made  two  inches,  the  prism  and  telescope 
objective  being  increased  in  proportion,  the  purity  will  not  be 
changed,  foi*  the  slit-width  remains  the  same,  and  the  focal  length 
of  the  collimator  remains  the  same,  but  the  new  lens  receives  four 
times  as  much  light  as  the  old  one,  and  the  spectrum  will  be  four 
times  brighter. 

Hence  in  estimating  the  efficiency  of  a  spectroscope  with  regard 
to  brightness  of  the  spectrum,  the  aperture  is  to  be  considered  as 
the  essential  feature.  The  focal  lengths  of  the  telescopes  have  no 
bearing  on  the  subject,  and  may  be  anything  that  is  convenient. 

The  resolving  power  of  a  spectroscope  expresses  its  power  of 
dividing  close  double  lines  in  the  spectrum.  With  the  same  aper- 
ture it  may  be  increased  by  increasing  the  dispersion,  cither  by 
adding  more  prisms  or  by  using  more  highly  dispersive  material, 
for  the  lines  in  the  spectrum  are  thereby  more  widely  separated 
without  being  widened  themselves ;  or  the  dispersion  remaining 
constant,  it  may  be  increased  by  using  a  larger  aperture,  which 
gives  finer  and  sharper  images  for  the  lines,  just  as  increasing  the 
aperture  of  a  telescope  diminishes  the  size  of  star-discsand  allows 
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closer  double  stars  to  be  separated.  It  has  been  shown  that 
with  simple  prisms  of  the  same  material,  the  resolving  power  is 
directly  proportional  to  the  diflference  between  the  longest  and 
shortest  paths  of  the  light  in  traversing  the  prisms ;  that  is,  if 
the  prisms  are  properly  proportioned,  to  the  sum  of  their  bases. 
Hence  one  large  prism  maybe  equal  in  resolving  power  to  several 
small  ones. 

If  we  take  as  unity  that  resolving  power  which  allows  the 
separation  of  two  lines  differing  by  the  thousandth  part  of  their 
own  wave-length*  (which  is  very  nearly  the  resolving  power  re- 
quired to  separate  the  D  lines)  we  may  express  the  resolving 
power  of  a  spectroscope  numerically.  Thus,  to  separate  the  D 
lines  requires  a  heavy  flint  glass  prism  with  a  base  of  about  four- 
tenths  of  an  inch;  a  prism  of  the  same  glass  with  a  base  of  two 
inches  would  therefore  have  a  resolving  power  of  five.  The  re- 
solving power  of  a  prism  is  greater  in  the  upper  part  of  the  spec- 
trum than  in  the  lower. 

With  compound  prisms  the  crown  glass  must  first  be  reduced 
to  its  equivalent  in  flint  glass,  allowing  for  the  greater  dispersive 
power  of  the  latter,  before  applying  the  rule ;  the  exact  relation 
depends  upon  the  kinds  of  glass  used,  but  roughly,  we  may  take 
one  inch  of  flint  glass  as  equivalent  to  two  of  crown. 

The  inferiority  of  the  direct-vision  prism  in  respect  to  resolving 
power  can  now  be  correctly  appreciated.  To  take  a  real  exam- 
ple, I  have  a  large  direct- vision  prism  made  of- five  prisms,  three 
of  crown  and  two  of  flint  glass  arranged  in  the  manner  already 
described.  On  one  side  are  the  bases  of  the  flint  glass  prisms,* 
measuring  together  four  inches ;  on  the  other  side  are  the  three 
bases  of  crown  glass,  with  a  total  length  of  six  inches.  Taking 
the  six  inches  of  crown  glass  as  equivalent  to  three  of  flint,  there 
is  a  difference  of  one  inch  of  flint  glass  between  the  opposite  sides, 
so  that  the  whole  combination  is  only  equivalent  in  resolving 
power  to  a  simple  flint  glass  prism  with  a  base  of  one  inch,  and 
is  decidedly  its  inferior  in  brightness. 

In  my  first  article  I  referred  to  the  advantage  of  knowing  how 
to  change  the  dispersion  of  a  prism  by  displacing  it  slightly  fi-om 
the  position  of  minimum  deviation,  and  we  are  now  prepared  to 
understand  the  exact  nature  of  the  change.  As  the  thickness  of 
glass  traversed  by  the  rays  of  light  is  very  little  affected  by  a 
slight  displacement  of  the  prism,  the  resolving  power  remains  the 
same,  and  we  have  a  change  of  dispersion  unaccompanied  by  a 
change  of  purity.  When  the  dispersion  is  increased  by  rotating 
•  Professor  Schuster's  definition. 
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the  prism,  the  lines  in  the  spectrum  are  broadened,  as  if  the  orig- 
inal spectrum  had  been  viewed  with  a  higher  magnifying  power; 
but  with  this  important  diflference,— that  whereas  in  the  latter 
case  the  width  of  the  spectrum  would  apparently  be  increased, 
in  the  former  it  remains  unchfinged.  Rotation  of  the  prism  pro- 
duces in  fact  a  horizontal  magnification  of  the  spectrum,  which 
with  respect  to  brightness  is  more  adyfintageous  than  enlarge- 
ment with  an  eyepiece.  Sir  David  Brewster  made  a  telescope  by 
combining  two  crossed  achromatic  prisms,  which  those  who  are 
curious  about  the  matter  will  find  described  in  his  Treatise  on 
Optics. 

Hitherto  we  have  supposed  that  the  light  coming  through  the 
slit  diverges  sufficiently  to  cover  the  whole  of  the  collimator  lens, 
as  it  always  will  do  it  the  source  of  light  is  a  flame  close  to  the 
slit,  but  in  practice  cases  will  arise  when  the  whole  lens  is  not 
covered.  When  we  point  the  colimator  directly  at  the  Sun,  the 
rays  from  opposite  limbs  pass  through  the  slit  in  straight  lines 
and  diverge  at  an  angle  of  about  half  a  degree,  (the  Sun's  angu- 
lar diameter),  so  that  the  spot  of  light  on  the  collimator  covers 
only  half  a  degree  as  seen  from  the  slit.  With  a  collimator  ten 
inches  long  the  illuminated  part  of  the  lens  is  less  than  a  tenth  of 
an  inch  in  diameter,*  find  all  the  rest  of  it  might  as  well  be 
coveifed  up,  for  the  light  from  the  sky  around  the  Sun  is  too  faint 
to  need  consideration.  Most  of  the  optical  power  of  the  instru- 
ment is  wasted. 

In  this  case  the  effective  aperture  of  the  spectroscope  is  about  a 
tenth  of  an  inch.  The  observer,  in  order  to  get  the  benefit  of  the 
ftill  power  of  his  instrument,  must  see  that  the  effective  aperture 
is  as  great  as  the  real  aperture,  that  is,  that  the  collimator  lens  is 
filled  with  light.  Some  small  instruments  exhibited  at  Chicago 
were  intended  to  point  directly  to  the  Sun,  as  they  were  equa- 
torially  mounted  and  carefully  balanced,  but  the  necessity  of  ob- 
serving the  above  condition  had  been  overlooked. 

In  order  to  utilize  the  whole  aperture  when  the  collimator  is  di- 
rected to  the  Sun,  we  may  place  a  lens  in  front  of  the  slit,  so  as  to 
form  an  image  of  the  Sun  on  the  slit-plate.  The  angular  aper- 
ture f  f  the  lens  must  at  least  equal  that  of  the  collimator  lens, 
that  is,  they  must  both  subtend  the  same  angle  as  seen  from  the 
slit,  otherwise  the  collimator  lens  will  not  be  completely  illumin- 
ated.   The  brightness  of  the  spectrum  is  then  independent  of  the 

*  As  the  sKt  has  considerable  length,  the  illuminated  part  of  the  collimator  is 
really  a  band  half  a  degree  wide,  but  the  resolving  power  is  the  same  as  if  the 
slit  were  indefinitely  short. 


Digitized  by 


Google 


204         The  Spectroscope  and  Some  of  its  Applications. 


size  of  the  image  lens,  a  large  lens  giving  no  greater  brightness 
thfin  a  small  one.  In  astronomical  observations  the  image  lens 
is  the  object-glass  of  the  telescope  to  which  the  spectroscope  is 
attached. 

Although  the  brightness  of  the  spectrum  is  independent  of  the 
dimensions  of  the  image  lens,  the  breadth  of  the  spectrum  is  not. 
The  greater  the  focal  length  of  the  lens,  the  larger  will  be  the 
image  of  the  Sun  on  the  slit  plate.  If  the  diameter  of  the  Sun's 
image  is  a  quarter  of  an  inch,  each  monochromatic  image  of  the 
slit  will  be  a  quarter  of  an  inch  long,  and  hence  the  spectrum  will 
be  a  quarter  of  an  inch  wide,  for  the  open  parts  of  the  slit  not 
covered  by  the  solar  image  are  too  feebly  illuminated  to  give 
a  spectrum  of  appreciable  brightness.  Practically,  therefore,  the 
focus  of  the  image  lens  should  not  be  too  short,  say  not  less  than 
twelve  or  fourteen  inches. 

A  new  advantage  gained  by  the  use  of  the  image  lens  is  the 
power  it  gives  of  observing  the  spectrum  of  each  individual  part 
of  the  source  of  light.  Thus,  if  a  sunspot  on  the  solar  image  is 
brought  within  the  jaws  of  the  slit,  its  spectrum  will  appear  in 
the  eyepiece.  Of  course  the  solar  image  would  have  to  be  pretty 
large  to  give  a  spot-spectrum  broad  enough  for  observation.  A 
spectroscope  provided  with  an  image  lens  is  sometimes  called  an 
analyzing  spectroscope.  In  the  laboratory  the  image  lens  is  use- 
ful when  the  source  of  light  is  very  small,  an  electric  spark,  for 
instance,  or  when  there  would  be  danger  of  burning  the  slit  by 
bringing  it  too  close  to  a  flame. 

For  measuring  the  positions  of  lines  in  the  spectrum  various 
deviees  are  used.  Fixed  cross-wires  in  the  eyepiece  may  be 
brought  into  coincidence  with  the  lines,  and  the  positions  of  the 
telescope  read  oflf  on  a  graduated  circle,  or  for  short  intervals  a 
micrometer  eyepiece  may  be  used.  A  common  method  is  to  place 
a  finely  divided  scale,  usually  obtained  by  photography,  in  such  a 
position  that  it  will  be  reflected  from  the  surface  of  the  prism 
next  to  the  telescope  and  appear  in  contact  with  the  spectrum 
seen  in  the  eyepiece.  The  scale  must  be  in  the  principal  focus  of  a 
collimating  lens,  in  order  that  the  rays  striking  the  reflecting  sur- 
face may  be  parallel.  The  small  spectroscopes  used  in  chemical 
laboratories  are  usually  furnished  with  this  device. 

For  small  instruments  probably  the  most  accurate  method  of 
determining  the  position  of  a  line  is  by  direct  comparison  with 
the  solar  spectrum  or  with  other  well-known  lines.  For  this 
purpose  a  small  reflecting  prism  called  a  comparison  prism  is 
placed  over  part  of  a  slit,  and  the  spectra  of  the  two  sources  of 
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Ught  can  be  seen  together,  one  formed  by  rays  entering  the  slit 
directly,  and  the  other  by  rays  reflected  into  it  by  the  comparison 
prism.  It  is  then  qnite  easy  to  determine  the  place  of  an  un- 
known line  among  the  lines  of  the  solar  spectrum,  and  hence  its 
waye-length. 

The  practical  matters  to  which  I  have  devoted  this  article  are 
those  which  should  most  carefully  be  borne  in  mind  by  the  ob- 
server. They  are  not  absolutely  necessary  to  a  good  understand- 
ing of  the  results  which  the  spectroscope  has  accomplished,  but 
they  are  of  importance  in  actual  spectroscopic  work.  The  spec- 
trum of  a  body  is  seldom  obtained  by  pointing  a  spectroscope  at 
it  in  an  oflf-hand  manner,  and  as  some  of  my  readers  are  them- 
sdves  supposed  to  be  using  small  instruments,  and  hence  to  be 
interested  in  knowing  how  results  are  obtained,  as  well  as  what 
the  results  are,  I  hope  these  details  about  instruments  and  meth- 
ods may  not  be  amiss. 


THB  HBAVBNjLT  BODIBS. 


DANIBL  KIBKWOOD. 


In  the  variety  of  their  magnitudes  and  motions  the  heavenly 
bodies  present  an  indefinite  series  for  study  and  description.  The 
great  and  small  are  there.  Of  the  former  we  may  name  our  sys- 
tem's source  of  light,  surpassing  in  volume  more  -than  a  million 
times  the  world  which  we  inhabit,  and  whose  scenery  has  occu- 
pied the  attention  of  a  thousand  generations.  Our  initial  number 
opened  with  a  brief  detail  of  facts.  The  small  planets  revealed  be- 
came still  more  minute  as  discovery  advanced,  till  some  were 
found  whose  diameters  were  not  greater  than  ten  or  twelve  miles. 
But  among  the  satellite  rings,  whose  magnitudes  are  indefinitely 
minute  we  soon  weary  in  the  contemplation.  Leaving  in  im- 
agination our  native  system,  we  find  in  telescopic  revelations, 
suns  surpassing  in  magnitude  and  splendor  the  orb  of  day  itself. 
Let  us  study,  in  brief,  some  of  the  creations  thus  revealed. 

I. 

SiRius  AND  ITS  Companion. 

In  beauty  and  grandeur  what  scenery  can  surpass  the  winter's 
midnight  sky?  In  view  of  its  splendors  who  has  not  asked,  which 
is  the  greatest  of  these  distant  orbs  ?  Is  it  stationary  or  in  mo- 
tion ?   If  moving  is  it  approaching  the  Earth,  or  receding  from  it, 
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and  at  what  rate?  Which  radiates  the  greatest  quantity  of  light, 
and  what  is  its  amount  compared  with  that  of  the  Sun  ?  In  what 
system  is  found  the  largest  satellite  or  companion  star  ?  Some  of 
these  questions,  within  the  memory  of  persons  still  living,  were 
thought  to  transcend  man's  loftiest  efforts.  The  story  of  their 
solution  forms  one  of  the  most  brilliant  chapters  in  the  records  of 
human  progress. 

Of  the  numerous  efforts  to  find  the  annual  parallax  of  Sirius, 
perhaps  none  is  entitled  to  greater  confidence  than  that  of  Mac- 
lear,  or  Abbe's  rediscussion  of  Maclear's  results  in  the  Monthly 
Noticts  of  the  Royal  Astronomical  Society,  Vol.  XXVUI,  p.  6. 
This  value  is  twenty-seven  one  hundredths  of  a  second  of  arc, 
corresponding  to  the  distance  761,704  times  that  of  the  sun  from 
the  earth,  or  seventy-one  millions  of  millions  of  miles.  Light, 
moving  at  the  rate  of  186,000  miles  in  a  second,  is  more  than 
twelve  years  in  passing  fromSirius  to  the  Earth. 

The  proper  motion  of  this  star  has  been  known  since  the  time 
of  Halley.  Within  the  last  sixty  years,  however,  irregularities 
have  been  observed,  such  as  might  result  from  the  disturbing  ac- 
tion of  a  neighboring  star.  These  anomalies,  detected  by  differ- 
ent astronomers,  suggested  the  theory  of  an  undiscovered  satel- 
lite. In  1862  this  predicted  compcinion  was  brought  to  light  by 
Alv€Ui  G.  Clark,  Esq.,  of  Cambridgeport,  Mass.  Since  that  date, 
therefore,  Sirius  and  its  disturbing  attendant  have  been  known 
and  observed  as  a  binary  system. 

Mass  and  Elbmbnts  op  thb  Binary. 

The  apparent  semi-axis  of  the  companion's  orbit  is  8''.53; 
hence  with  the  adopted  parallax  the  real  semi-axis,  in  astronomi- 
cal units,  is  31.6  In  other  words,  the  mean  distance  of  the  satel- 
lite from  the  centre  of  Sirius  is  2,939,000,000  miles— slightly 
greater  than  the  distance  of  Neptune  from  the  sun.  With  the  cal- 
culated eccentricity— 0.591— the  least  distance  apart  is  found  to 
be  13  astronomical  units,  or,  1,209,000,000  miles.  The  mass  of 
Sirius  is  twice  that  of  the  companion,  and  at  least  fourteen  times 
that  of  the  sun.  Other  values  of  the  parallax  make  the  mass  still 
greater. 

Li  ght— Volume— Dknsity. 

The  intrinsic  light  of  Sirius  is  83  times  that  of  the  sun.  Assum- 
ing, then,  that  their  surfaces  have  equal  luminosity,  the  diameter 
of  Sirius  is  9.1  times  that  of  the  Sim,  or,  7,826,000  miles.  The 
volume  is  766  times  greater  than  the  Sun's  and  as  the  mass  is  but 
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14  times  greater,  the  mean  density  is  0.018,  that  of  the  Sun  be- 
ing  tmity. 

The  study  of  this  wonderful  system  has  led  to  remarkable  re- 
sults. While  the  mass  of  Sirius  is  only  twice  that  of  the  satel- 
lite, its  light  is  twelve  thousand  times  greater.  Can  this  differ- 
ence be  due  to  the  more  rapid  cooling  of  the  lesser  body  ?  If  so, 
as  the  mass  of  the  star  is  seven  times  greater  than  that  of  the 
Sun,  the  age  of  the  binary  must  be  vastly  greater  than  that  of 
the  solar  system.  If,  Sirius,  therefore,  is  the  centre  of  a  multiple 
cluster,  any  smaller  members  may  have  advanced  so  far  it\  the 
process  of  cooling  as  to  have  lost  entirely  their  native  light — a 
condition  to  which  the  satellite  discovered  by  Clark  may  be  grad- 
ually approaching. 

Dr.  Huggins,  of  London,  though  not  the  first  to  suggest  the 
use  X)f  the  spectroscope  in  determining  the  motion  of  stars  in  the 
Kne  of  sight,  was  the  first  to  reduce  the  suggestion  to  practice. 
His  results  are  well  known  to  astronomers.  In  the  case  of  Sirius, 
as  might  have  been  expected  of  a  body  moving  under  the  influ- 
ence of  a  disturbing  cause,  the  rate  has  been  variable.  Without 
entering  into  details,  it  may  be  remarked  that  very  careful  meas- 
urements have  indicated  a  recession  of  from  twenty  to  twenty- 
five  miles  per  second. 

The  mass  of  a  binary  star  can  be  determined  only  when  its  dis- 
tance is  known.  These  distances  have  not  been  found  except  for 
about  thirty  stars.  The  question,  therefore,  what  star  has  the 
greatest  quantity  of  matter,  can  receive  no  definite  answer  ex- 
cept in  regard  to  those  of  known  parallax.  So  far  as  measured, 
Sirius  has  undoubtedly  the  greatest  mass  as  well  as  the  greatest 
brightness,  intrinsic  and  apparent.  Its  companion,  moreover,  is 
the  largest  satellite  yet  recognized. 

Origin  of  thb  Binary. 

The  relations  of  this  satellite  to  Sirius  suggest  a  modification 
of  the  nebular  hypothesis.  The  least  distance  between  the  two 
members  is  13  millions  of  miles;  the  greatest,  60  millions.  At 
the  former,  the  apparent  diameter  of  Sirius  as  seen  from  the 
comes  is  about  22^ ;  at  the  latter  5'  3C.  This  cometary  eccentric- 
ity, as  well  as  that  of  many  other  binaries,  could  hardly  have 
originated  in  circular  rings.  It  seems  rather  to  indicate  the  prim- 
itive formation  of  two  distinct  nuclei  in  the  same  nebula.  Ac- 
cording to  Laplace  the  planets  of  the  solar  system  had  their 
origin  in  circular  rings  abandoned  at  the  Sun's  equator. 
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SHOOTING  STARS. 


How  to  Observe  Them  and  What  They  Teach  Us. 


W.  F.  DBNtlINO,  BsitTOL.  England. 


v.— Radiation  and  Duration  of  Mbteor  Showers. 

The  radiation  of  meteors  is  far  from  being  precisely  uniform  in 
character,  for  different  systems  appear  to  exhibit  peculiarities  of 
distinct  type.  While  some  radiants  are  diffused  over  areas  of  3, 5, 
or  7  degrees  others  are  so  limited  that  they  may  justly  be  termed 
points.  We  have  already  referred  to  the  Andromedes  of  Biela's 
comet  as  supplying  a  very  pronounced  instance  of  indefinite  radia- 
tion. The  precise  cause  of  this  has  not  perhaps  been  settled  but 
Professor  Newton  believes  the  explanation  is  to  be  found  in  "the 
glancing  of  meteors  on  entering  the  air.  The  meteoroid  is  prob- 
ably a  fragmentary  body  of  irregular  form  and  the  burning  off  of 
the  solid  fragments  as  soon  as  burning  begins  makes  them  move 
in  straight  lines  thereafter.  The  curvature  of  path  otherwise 
should  continue  through  the  whole  length  of  the  luminous  tracks. 
This  glancing  is  not  confined  to  the  Biela  meteors,  it  was  true  of 
the  Leonids  and  still  more  so  of  the  Perseids.  It  is  reasonable  to 
assume  that  it  is  true  of  all  shooting  stars."  Many  will  be  dis- 
posed to  accept  his  ingenious  explanation,  but  the  writer  would 
note  that  the  radiants  of  the  Leonids  and  Perseids  are  far  more 
sharply  defined  than  that  of  the  Andromedes.  It  is  extremely 
probable  that  the  scattered  radiation  often  ascribed  to  the  former 
showers  is  an  apparent  effect  only,  brought  about  by  including 
the  meteors  from  closely  neighboring  systems  and  by  errors  in  re- 
cording the  path  directions  of  the  various  meteors  observed.  At 
Bristol  the  radiants  of  the  Leonids  and  Perseids  have  been  fre- 
quently seen  as  very  exact  and  restricted  centers  presenting  a 
wide  distinction  to  the  diffuse  radiation  of  the  Andromedes. 

As  to  "duration  of  activity"  this  is  another  feature  in  reference 
to  which  ftiture  observation  will  frimish  important  evidence. 
We  know  that  the  Perseids  maintain  a  continuous  fall  during 
more  than  a  month,  and  that  the  Orionids  are  to  be  seen  for 
about  three  weeks,  while  the  Quadraulids,  Lyrids,  Leonids  and 
Andromedes  are  each  probably  confined  to  a  week's  activity. 
Some  other  showers  seem  to  be  exceedingly  frigitive,  appearing 
only  on  a  single  night.    But  it  must  be  acknowledged  that  with 
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regard  to  the  mass  of  feeble  systems,  the  question  as  to  their  visi- 
ble duration  remains  an  open  one.  The  difficulty  of  obtaining 
observations  on  man\'  consecutive  nights  and  of  following  up  the 
work  3'ear  by  3'ear,  the  frequent  hindrances  occasioned  by  moon- 
light, clouds  and  other  causes,  have  prevented  our  gaining  any- 
thing but  a  vague  idea  as  to  the  operations  of  the  really  tenuous 
streams.  Many  of  them  apparentl3'  show  a  stationary  radiant 
and  a  fitful  activity  during  extended  periods,  but  the  cause  re- 
mains an  unsolved  enigma.  How  shall  we  deal,  for  instance,  with 
a  shower  which  recurs  again  and  again  from  a  position  between 
the  stars  a  and  /3  Persei  and  of  which  the  following  observations 
have  been  made  at  Bristol  in  the  months  of  July,  August  and  Sep- 
tember: 


Date. 

1877  July  20 
1884  July  23-25. 
1886  Aug.  2-10.. 
1888  Aug.  5-14... 
1877  Aug.  3-16.. 
1893  Aug.  8-16.. 
1884.  Aug.  19-21. . 


Radiant, 
o  o 

.47  +  45 
.48  -f  43 
.48  -f  43 
.48  -f-  44 
.46-f  45 
.48  4-44 
.46  4-44 


Date. 


1879  Aug. 
1887  Aug. 
1887  Sept. 

1885  Sept. 
1877  Sept. 

1886  Sept. 


21-23 

30 

12-24 

15 

15-16. 

22-30. 


Radiant. 

o  o 

..46  4-  ^7* 
..46  4-  43 
..47  -f  43 
..48  4-  43 
.47  +  45 
..48  +  44 


Do  these  various  positions  represent  a  number  of  different 
showers  emanating  curiously  enough,  from  virtually  the  same 
place  in  the  firmament,  and  are  we  in  fact  to  consider  the  coinci- 
dences of  radiation  as  purely  accidental  ?    Or,  on  the  other  hand, 

*  The  position  of  this  radiant  was  estimated  from  paths  not  registered  and 
it  is  evidently  3°  N.  of  the  correct  place. 
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are  we  justified  in  adopting  the  13  radiants  as  forming  a  single 
shower  with  a  duration  of  more  than  2  months  and  a  radiant 
fixed  at  the  point  47°  +  44"*  ?  If  a  display  of  this  character  can, 
by  any  combination  of  circumstances,  be  approved  it  would  cer- 
tainly do  away  with  some  of  the  complications  and  doubts  now 
existing  and  permit  us  to  cut  down  considerably  the  number  of 
supposed  radiants,  as  many  of  them  must  be  duplicates  of  long- 
continuing  showers.  But  theoretically  stationary  radiants  of 
the  nature  indicated  cannot  be  admitted,  and  Dr.  Kleiber  has 
shown  that  if  meteor  showers  are  formed  by  rings  or  ellipses  then 
the  latitude  of  their  radiants  must  remain  constant  while  the 
longitude  increases  proportionately  with  the  time.  In  other 
words  the  radiant  must  travel  eastward  amongst  the  stars  and 
uniformly  in  a  circle  parallel  with  the  ecliptic.  The  Perseids 
follow  this  rule  but  the  Orionids  apparently  furnish  a  striking 
departure  from  it,  for  their  radiant  remains  absolutely  fixed  at 
92°  +  15°  during  the  21  nights  from  Oct.  9  to  29  inclusive.  The 
radiants  oia—ft  Perseids  in  the  foregoing  table  are  also  immov- 
able, and  this  observational  fact  can  hardly  arise  from  a  decep- 
tion. It  is  true  that  showers  are  so  plentifully  distributed  over 
the  celestial  vault  that  in  some  cases  they  must  supply  a  succes- 
sion of  radiants  at  nearly  identical  positions.  But  the  number  of 
supposed  fixed  radiants  is  so  great  and  the  data  on  which  they 
rest  so  conclusive,  that  the  chance  grouping  of  diflFerent  showers 
cannot  be  accepted  as  aflfording  a  sufficient  explanation  of  them. 
So  far  as  observations  on  this  field  permit  a  confident  statement 
the  writer  would  aver  that  the  series  of  radiants  representing  a 
stationary  shower  are  practically  identical  in  position,  and  can- 
not therefore  be  induced  by  any  arrangement  of  separate 
streams.  The  most  careful  observation  at  Bristol  has  failed  to  ex- 
hibit diflferences  in  position  other  than  those  obviously  resulting 
from  the  trivial  errors  common  to  this  work.  There  is  a  shower 
from  the  star  7  Aurigae  (74°  +  41°)  which,  beginning  at  the 
Perseid  epoch  in  August,  is  prolonged  intermittantly  through  the 
remainder  of  the  year  and  is  still  active  in  February  according  to 
several  authorities. 

Observers  will  find  that  the  various  peculiarities,  connected 
with  the  radiation  of  meteors,  require  the  most  careful  and  pa- 
tient study.  The  rapid  shifting  of  the  Perseid  centre  will  be  con- 
firmed without  difficulty  but  the  visible  behavior  of  the  majority 
of  other  showers  will,  from  their  comparative  feebleness,  occupy 
more  time  and  require  a  keener  discernment.  A  vast  number  of 
meteor-paths,  registered  with  the  utmost  accuracy,  will  be  neces- 
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sary  before  anjrthing  like  a  conclusive  test  can  be  applied.  In- 
deed the  work  seems  better  suited  to  professional  astronomers 
than  to  amateurs  who  can  rarely  find  opportunity  to  devote 
their  nights  with  steady  persistency,  year  after  year,  to  the 
settlement  of  intricate  questions  of  the  kind  alluded  to. 

It  is  fortunate  that  the  derivation  of  radiants  is  not  wholly  de- 
pendent upon  one  method  or  upon  the  eflForts  of  a  single  observer. 
By  pre-arranging  simultaneous  observations  two  persons  at 
different  stations  may  register  a  number  of  the  same  meteors 
and  in  every  such  case  the  pair  of  paths  will  be  divergent  from 
the  radiant.  Thus  a  single  meteor  accurately  recorded  at  two 
places  suffices  to  indicate  a  good  radiant,  whereas  an  isolated  ob- 
server, in  deducing  a  centre  from  his  individual  results,  must 
gather  at  least  6  or  6  paths  before  a  reliable  position  can  be  ob- 
tained. And  there  is  always  €Ui  element  of  doubt  attached  to  the 
latter  because  the  observer  has  no  absolute  proof  that  he  has 
correctly  apportioned  the  meteors  to  their  various  radiants.  He 
is  justified  from  the  visible  features  of  a  meteor,  in  assigning  the 
place  of  its  radifint,  but  the  evidence  he  possesses  is  not  always 
conclusive.  It  is  therefore  impossible  to  avoid  occasional  error 
though  the  discrimination  gained  by  experience  will  generally 
lead  him  cmght.  In  the  case  of  a  double  observation  of  a  meteor 
its  radiant  is  indisputable  as  it  rests  not  upon  an  assumption 
but  upon  an  observational  fact.  Of  course  the  character  of  the 
two  observations  come  in  €is  an  important  factor,  but  we  are 
only  alluding  to  paths  recorded  by  capable  persons,  for  rough 
work  in  this  department  is  of  no  value  whatever.  Observers 
have  often  concerted  together  for  the  contemporaneous  watching 
of  meteors  with  the  view  to  determine  their  real  paths  in  the  at- 
mo8phere,but  the  writer  has  never  heard  that  such  watches  were 
instituted  for  the  main  or  sole  purpose  of  detecting  radiants. 
Yet  they  might  be  undertaken  successfully,  and  indeed  some  such 
plan  is  really  necessary  for  the  detection  of  very  feeble  showers. 
The  results  that  might  be  accumulated  by  two  persevering  ob- 
servers working  systematically  would  vastly  exceed  that  ac- 
cruing fit>m  independent  effort,  for  one  person  watching  the  sky 
during  5  or  6  hours  may  scarcely  obtain  more  than  6  or  6  rad- 
iants, bnt  if  he  combines  with  another  observer  and  the  collective 
results  are  compared,  it  is  probable  3  or  4  times  as  many  radiants 
would  be  found  and  the  latter,  being  positions  proving  them- 
selves, would  be  of  thoroughly  trustworthy  character. 
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VARIABLrB  STARS.  III. 


J.  A    PARKHUR8T. 


The  preceding  article  in  this  series  gave  the  methods  used  for 
observing  variables  and  recording  the  observations.  The  present 
article  will  tell  how  to  reduce  the  observations  and  draw  from 
them  the  facts  sought  in  regard  to  the  behavior  of  the  stars. 

When  a  variable  has  been  observed  by  Argelander's  method,  at 
frequent  intervals  for  a  time,  the  observations  themselves  furnish 
values  for  the  brightness  of  the  comparison  stars.  These  stars 
then  form  a  "light  scale"  by  means  of  which  numerical  values  for 
the  brightness  of  the  variable  at  the  time  of  each  observation  can 
be  deduced;  since  we  have  from  each  observation  a  value  of  the 
brightness  of  the  variable  in  terms  of  the  brightness  of  one  or 
more  comparison  stars.  This  will  be  best  understood  by  having 
an  actual  example  before  us,  and  following  the  reductions  step  by 
step.  I  will  use  for  an  illustration  my  observations  of  4567  S 
Ursae  Majoris,  from  May  to  December  1893,  omitting  for  the  sake 
of  simplicity  the  comparisons  of  the  comparison  stars  among 
themselves. 

Observations  of  4557  S  Urs^  Majoris. 

1893  May    11  d2r,vSf. 

17  d2y,y^f. 

27  d2r,r3or4/: 

June    19  flVfVlsr- 

July       1  A 1  r,  y  2  A. 

10  A  2  V,  y  ir  or  F 1  Jt. 

Aug.      2       JD  2  or  3  y,  n  r  or  n  1  r,  r  3  or  4  o. 

11  D  y  or  n  1  y,  y  1  or  2  o. 

16  /1 1  y,  y  1  o. 

26  Moonlight,  y  not  held. 

Sept.      2  D  2  y,  y  o,  y  1  p. 

6  y  about  =  o,  faint,  seeing  had. 

26  y  abont  =  m,  difficult,  moonlight. 

Oct.       7  y  JD,  y  1  or  2  B,  low. 

9  /lor2y,  y2iii,  seeing  good. 

22  ^2y,  y3or4/,  ySl:. 

30  y3/,y^,r2y,  y31r. 

Nov.        2         flY,Tl£. 

10       /*y,  y2^,  c/4y 

17  YBf,dSor^r 
80       v6ijc/3y 

Dec       3       v3^c/3or4y. 
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First  we  will  form  the  light  scale.  The  observations  of  May  11, 
famish  a  value  for  the  interval  in  steps  between  the  stars  d  and  f. 
Since  d  is  2  steps  brighter  than  v  and  v  3  steps  brighter  than  f, 
it  follows  that  d  is  5  steps  brighter  than  f.  By  taking  the  mean 
of  all  the  intervals  from  the  observations  in  which  v  is  between  d 
and  f  in  brightness,  a  good  value  may  be  obtained.  Selecting 
similar  combinations  from  the  observations  of  each  date,  we  can 
get  values  for  the  step  intervals  between  all  the  comparison  stars 
used.  Intervals  found  by  subtraction  are  not  so  reliable,  and 
should  only  be  used  whfen  better  ones  are  wanting.  The  work 
will  stand  €is  in  the  following  table,  in  which  all  the  intervals  be- 
tween d  and  /  are  ranged  under  the  heading  d  f,  and  similarly  for 
the  intervals  between  the  other  stars 


dr 

May 

11.. 

5 

My 

1 

17.. 

6 

10 

27.. 

5.5 

Nov. 

10.. 
17.. 
30.. 

4 

6.5 

8 

Dec. 

3.. 

6.5 

7)41.5 
Mean  d  5.9  f 

fg 

Oct. 
Auk. 

2 

June 

19.. 

2 

Oct. 

30., 

2 

Aug. 

2 

Nov. 

2.. 

2 

11. 

10.. 

2 

16. 

4)  8 

Sept. 

2. 

Mean/*  2.3^ 

f^k 

Oct. 

22.. 
30.. 

5 

3 

2)  8 
Mean  g  4.0  k 

Sept. 

hk 

3 

2.5 

2)  5^5 
Mean  A  2.8  i;: 

m  n 
1.5 


Sept. 


Oct. 


op 
.  1 

Im 
.  35 


Oct. 


22. 
30. 


m  o 
..  6 


no 

4 

2 

2 

2 

4)10 
Mean  n  2.5  o 

np 
3 


Oct.     30 


Oct.     30 


5.5 

3 

2)  "8.5 
Mean  ^4.3  / 

kl 
0.0 


Oct.     30 


Nov.    10. 


fl 
.  5 

fk 
.   5 


da 

6 


It  will  be  noticed  that  these  intervals  do  not  exactly  agree 
among  themselves.  For  instance  we  have  the  intervals  f2g  and 
g4fk  from  which  the  interval  fB  k  would  result.  But  that  interval 
observed  directly  was  f  5  k.  Since  the  value  f6  k  depends  on  six 
ob,servations  while  f  5  k  depends  on  only  one,  by  giving  weights 
according  to  the  number  of  observations  the  mean  value  f  5.9  k 
would  result.  The  following  method  will  be  convenient  to  make 
use  of  all  the  above  intervals,  each  with  its  proper  weight,  in  form- 
ing the  light  scale. — Assign  the  arbitrary  value  0  to  the  faintest 
star  used;  in  this  case  p  =  0.  For  the  next  brighter  star,  o,  we 
find  from  the  observation  of  Sept.  2,  the  interval  o  1  p,  hence  o  = 
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p  +  1.0  =  1.0.    For  the  next  brighter  star,  n,  we  have  from  the 
above  table, 

n  =p  +  3.0  =  0.0  +  3.0  =  3.0 
also  12  =  o  +  2.5  =  1.0  +  2.5  =  3.5 

These  two  values  for  n  can  be  combined  by  mttltipl3ring  each  by 

the  number  of  observations  on  which  it  depends,  and  dividing  the 

sum  of  the  products  by  the  sum  of  the  number  of  observations. 

Thus— 

n  =  p  4-  3.0  =  0.0  -I-  3.0  =  3.0  X  I  =   3-0 
=  o  +  2.s  =  i.o  +  2.5  =  3.5  X  4  =  i4»o 

5)     '7-0 
Mean,  n  =    3.4 

By  proceeding  in  this  manner  with  each  brighter  star  succes- 
sivdy  the  scale  values  for  all  will  be  obtained.  The  following 
table  shows  all  the  work— 


p 

=  0 

0 

=  p  4-1.0=   0.04-1.0=    1.0 

tt 

=  P  4-  3-0  =  0.0  4-  3.0  =  3.0  X  I  = 
=  0  4-  2.5  =  1.0  4-  2.5  =  3.5  X  4  = 

3.0 

14.0 

5)_ 

17.0 

Mean,  tt  = 

3-4 

m 

=  n  4-  1-5  =    3-4  4-  1-5  =    4.9  X  I  = 

4.9 

=  0  4-  6.0  =    1.0  4-  6.0  =    7.0  X  1  = 

7.0 

2L_ 

11.9 

Mean,  m  = 

~"6:s 

Light  scale, 

1 

=  ill  4- 35=   6.04-3.5=    9.5 

p  =    0 
0  =    1.0 

k 

=  /    4-  0.0  =   9,5  -|-  0.0  =    9.5 

tt  =    3-4 
mz=.    6.0 

1    =    9.5 

k  =   9.5 

b 
g 

=  Jt   4-  2.8  =    9.5  4  2.8  =  12.3 
=  k  4-  4.0  =   9.5  +  4.0  =  13.5  X  2  = 
/  4-  4.3  =  9.5  +  4.3  =  13-8  X  2  = 

27.0 

27.6 

^L_ 

54.6 

h  =  12.3 

Mean,  g  = 

13-7 

/r  =  13.7 

f  =  153 

f 

=  ^  +  2.0  =  13.7  4-  2.0  =  15.7  X  4  = 
/    --5.0=    9.54.5.0=14.5x1  = 

62.8 

d  =  21.0 

14.5 

k  --  5.0  =  9.5  4-  5.0  =  C4.5  X  I  = 

14.5 

6) 

91.8 

Mean, /•  = 

^S3 

d 

=  /•  4-  5.9  =  15.3  +  5.9  =  21.2  X  7  = 

148.4 

g  4-  6.0  =  13.7  4-  6.0  =  19.7  X  I  = 

19.7 

8)_ 

168^ 

Mean,  d  = 

~2I.O 

We  are  now  prepared  to  assign  numerical  values  to  the  bright- 
ness of  the  variable  at  the  time  of  each  observation.  Here  again 
we  must  take  the  mean  of  slightly  different  values,  for  instance 
for  May  11  we  have  cf  2  f,  whence  v  =  19.0,  also  v  3  /J  whence 
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V  =  18.3 ;  the  most  probable  value  will  be  the  mean  of  the  two, 
or  V  =  18.7.  Proceeding  in  this  way  with  the  observation  of 
«ach  date  we  have 


Date. 

Observed. 

Mean. 

(93  May  11 

19.0. 18.3. 

18.7 

17 

19.0. 19.3 

19.2 

27 

19.0. 18.8 

18.9 

Jwie  19 

14.3, 14.7 

14.5 

J«iy     1 

11.3. 11.5 

11.4 

10 

.      10.3, 10.0 

10.2 

Aug.     2 

3.6,    2.9.4.5 

3.6 

11 

2.0.    2.5 

2.7 

16 

2.4,    2.0 

2.2 

26 

Sept.    2 

1.4,    1.0,1.0 

1.1 

6 

1  ± 

26 

6± 

Oct.     7 

6.0.    4.9 

5.5 

9 

8.0,    8.0 

8.0 

22 

11.7, 13.0, 12.5 

12.4 

30 

12.5, 13.7, 13.3, 12.5 

13.0 

Nov.    2 

14.3, 14.7 

14.5 

10 

15.3, 15.7, 17.0 

16.0 

17 

18.3, 17.5 

17.9 

30 

20.3,  18.0 

19.2 

Dec.      3 

18.3, 17.5 

17.9 

These  results  can  be  represented  to  the  eye  on  squared  paper  by 
laying  off  the  dates  horizontally  and  the  brightness  vertically, 
and  drawing  a  smooth  curve  passing  as  nearly  as  possible 
through  the  points  thus  located.  This  curve  will  show  approxi- 
mately the  time  of  maximum  or  mirimum,  and  the  corresponding 
brightness  expressed  in  terms  of  the  light  curve.  The  time  of 
maximum  or  minimum  c€ui  be  more  accurately  determined  by  bi- 
secting the  horizontal  lines  connecting  corresponding  points  on 
the  ascending  and  descending  branches  of  the  curve,  drawing  a 
line  through  the  points  thus  located,  and  prolonging  it  till  it  in- 
tersects the  light  curve.  This  point  of  intersection  will  be  the 
maximum  or  minimum  as  the  case  may  be. 

The  accompanying  charts  are  copies  of  small  portions  of  the 
Durchmusterung  charts,  and  are  taken  by  the  kindness  of  the  au- 
thor from  Pickering's  "Variable  Stars  of  Long  Period."  They 
are  two  degrees  square,  with  the  variable  near  the  centre  en- 
•closed  in  a  small  circle.  The  stars  are  all  north  of  +  53°  Decl.  and 
therefore  do  not  set  to  observers  in  northern  and  central  United 
States.  The  following  table  shows  their  peculiarities ;  the  data 
are  taken  from  Chandler's**  Second  Catalogue  of  Variable  Stars." 
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Star 

Place  for  1900.0 

Red- 

Masnitttde 

Period 

No. 

Name 

R.  A. 

Decl. 

nets 

Max. 

Min. 

days. 

107 

T  Cassiopeiie 

h     m    8 
0  17  49 

+  55   14.3 

7.3 

7.0  —  8.0 

ii.o  —  1 1.2 

445.0 

432 

S  Cassiopeis 

I   12  18 

+  72    S.I 

6.7 

6.7  -  8.6 

<  13.5 

610.5 

793 

2    12   12 

+  58  29.5 

4 

8.2 

9-3. 

Irrcg. 

814 

S  Pcrsei 

2    15  41 

-U58    7.8 

5.0 

8.5 

13 

•• 

18SS 

R  Aurij^s 

5    9  13 

+  53  28.4 

6.5 

6.5  -  7.8 

12.5  -  12.7 

460.6 

2478 

R  Lyncis 

653    3 

+  5528.1 

4.8 

7.8  -  8.0 

<  13 

380.0 

3825 

R  Ur9ae  Majoris 

10  37  34 

+  69  18.0 

1.6 

6.0  -  8.2 

13-2 

302.1 

45" 

T  Ursae  Majoris 

12  31  50 

+  60    2.3 

2.0 

6.0  —  8.5 

12.2  -   13 

257.2 

4557 

S  Ursa  Majoris 

«  39  34 

+  61  38.4 

3.2 

'6.7  -  8.2 

10.2  —  1 1.5 

226.1 

The  periods  of  all  the  above  stars  except  R  Aurigae  and  R  Lyn- 
cis  are  subject  to  variations,  more  or  less  irregular,  ranging  from 
20  to  50  or  more  days  above  or  below  the  period  assigned.  The 
laws  governing  these  variations  are  not  all  well  known,  hence 
more  observations  are  desired. 

The  table  accompanying  the  plate  gives  the  designation,  place, 
and  approximate  magnitude  (to  the  nearest  unit)  of  Pickering's 
comparison  stars  for  the  variables  charted.  The  comparison 
stars  down  to  the  10th  magnitude  are  lettered  on  the  charts.  It 
is  an  excellent  plan  for  the  observer  to  make  about  a  three-fold 
enlargement  of  each  chart  in  his  note  book,  locating  carefully 
thereon  the  comparison  stars  down  to  a  magnitude  below  the 
limit  of  vision  of  his  telescope.  (See  October  Popular  Astrono- 
my, page  91.) 


FIRST  OBSERVATIONS  OF  THE  SUN  AND  MOON. 


MARY  B    BYRD,» 


I.    Questions. 

1.  At  what  point  on  the  horizon  does  the  Sun  set  on  some  evening  in  Janu- 
ary? 

2.  In  eight  or  ten  days  can  you  detect  a  change  in  the  sunset  point  ?  Is  it 
moving  north  or  south  ? 

3.  Five  or  six  weeks  after  the  Januaiy  observation,  how  many  degrees  i? 
this  point  from  the  west  point  ? 

4.  If  observations  arc  made  weekly,  is  the  sunset  point  found  moving  uni- 
formly along  the  horizon,  or  is  the  number  of  degrees  passed  over  greater  in  some 
weeks  than  inotheis? 

5.  How  do  you  account  for  the  motion  of  the  sunset  point  ? 

6.  Can  you  find  a  time  when  for  a  few  nights  this  point  appears  to  be  sta- 
tionary ? 

7.  When  does  the  Sun  set  nearest  to  the  south  point  ? 

8.  How  many  degrees  is  it  then  distant  from  the  west  point? 

•  Director  of  the  Observatory  at  Smith  College.  Northampton.  Mass. 
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9.    Do  the  tiiiK8  of  tnnaet  vary  nniformly  from  night  to  night  ? 

10.  How  dofldy  do  the  obaenred  times  of  tnnaet  agree  with  the  almanac 
times? 

11.  If  the  setting  point  of  the  Son  is  fonnd,  for  example,  to  be  ten  degrees 
south  oi  the  west  point  on  a  certain  evening,  how  far  from  the  east  point  is  it  ob- 
served  to  rise  on  the  preceding  or  on  the  following  morning? 

12.  What  is  the  noon  altitude  for  one  of  these  two  days  ? 

13.  Having  given  the  Snn's  declination,  how  can  yon  test  the  accuracy  of 
this  observation  ? 

14.  Can  you  detect  any  variation  in  the  Sun's  noon  altitude  in  less  than  a 
week? 

15.  When  the  sunset  point  is  moving  south,  how  is  the  noon  altitude  chang- 
ing? 

16.  When  the  sunset  point  is  moving  north,  how  ia  the  noon  altitude  chang- 
ing? 

17.  What  is  the  noon  altitude  when  greatest  ?    When  least  ? 

1 8.  At  what  times  in  the  year  are  the  greatest  and  least  altitudes  observed  ? 

19.  Prom  these  observations,  how  can  you  obtain  approximately  the  angle 
between  the  ecUptic  and  the  cdestial  equator  ? 

20.  Prom  these  observations  how  can  you  obtain  approximately  the  lati- 
tude of  the  place  ? 

31.    Does  the  San  ever  pass  through  yoar  zenith  ? 

22.  How  accurately  can  you  finci  apparent  noon  from  two  observations  of 
the  Sun,  taken  when  it  has  the  same  altitude  a  little  before  and  a  little  after  meri- 
dian passage? 

23.  What  is  the  difference  between  noon  as  shown  by  the  clock  and  by  the 
Sun  on  the  noon  mark  ? 

24.  Why  do  the  noons  not  agree  ? 

25.  What  constellation  is  seen  in  the  west  after  sunset  along  the  course 
which  the  Sun  has  just  travelled  ? 

26.  Prom  month  to  month  do  yon  find  the  same  constellation  there  ? 

27.  Do  you  always  see  the  same  constellation  in  the  east,  in  the  Sun*s  path 
just  before  sunrise  ? 

28.  What  apparent  motion  of  the  Sun  do  these  observations  indicate  ? 

29.  Fixing  the  Sun's  daily  path  with  regard  to  the  horizon  by  the  points  of 
rising,  southing  and  setting,  do  you  tind  a  change  in  this  path  from  month  to 
month  ? 

30.  In  what  month  is  the  path  shortest  and  nearest  to  the  horizon  ? 

31 .  In  what  month  is  it  longest  and  nearest  to  the  zenith  ? 

32.  At  what  times  in  the  year  are  the  paths  in  a  similar  position  with  re- 
gard to  the  horizon  ? 

33.  Locating  the  Sun  with  regard  to  the  horizon,  what  is  its  tiUitude  and 
azimuth  at  a  particular  hour  and  minute? 

34.  How  great  is  the  change  in  these  codrdinates  in  an  hour  ? 

35.  Which  codrdintite  is  changing  the  more  rapidly  at  noon  ? 

36.  Two  or  three  hours  before  sunset  which  is  changing  the  more  rapidly  ? 

37.  What  is  the  hourly  rate  of  the  Sun*s  appaient  motion  ? 

38.  Do  you  note  any  difference  in  the  rate  of  this  motion  when  it  is  an  hour 
high  and  when  ;t  is  half  an  hour  high  ? 

39.  How  long  does  it  take  the  Sun  to  ret,  that  is  how  long  is  the  interval 
between  the  disappearance  of  the  lower  and  up|)er  limbs? 
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40.  Does  this  interval  vary  in  different  months  of  the  year  ? 

41.  Can  yon  detect  any  difference  in  the  size  or  form  of  the  Sun  when 
different  parts  of  the  sky? 

42.  Is  there  any  variation  in'the  color  of  the  Sun  in  one  day,  or  from  day  to 
day? 

43.  Testing  sunlight  by  its  power  to  penetrate  clouds,  is  there  any  difierence 
in  that  which  comes  from  the  limb  and  from  the  centre  of  the  Sun  ? 

44.  About  the  times  of  sunspot  maximum  if  you  look  at  the  Sun  through 
dark  glasses  can  you  see  any  spots  ? 

46.  What  is  the  color  of  the  Moon  ? 

46.  Are  there  variations  in  the  color  in  one  night  ? 

47.  Is  the  color  different  on  difierent  nights? 

48.  What  is  the  appearance  of  the  Moon  when  seen  in  broad  daylight  ? 

49.  How  do  you  describe  the  appearance  which  you  designate  as  the  "old 
Moon  in  the  new  Moon's  arms  ?  *' 

50.  Do  the  dark  and  illuminated  parts  seem  to  belong  to  the  same  circle  ? 

51.  If  not,  which  part  belongs  to  the  lai^er  circle  ? 

62.  On  a  given  evening  what  proportion  of  the  disc  is  seen  ? 

63.  Is  the  bounding  line  between  the  light  and  dark  portions  smooth  or 
broken  ? 

64.  At  any  particular  time  does  the  terminator  form  a  convex  or  a  concave 
boundary  for  the  illuminated  portion  of  the  Moon  ?  Can  you  lay  down  a  general 
rule  for  different  phases  ? 

66.  Viewed  by  the  unaided  eye,  when,  if  ever,  is  the  terminator  a  straight 
line? 

66.  Does  the  Moon  appear  full  to  the  naked  eye  for  three  or  four  hours  ? 

57 .  W  hich  lim b  first  becomes  defective  ? 

68.  How  are  the  dark  markings  located  on  the  disc  ? 

69.  What  proportional  part  of  the  visible  disc  do  they  occupy? 

60.  Does  the  color  of  the  markings  vary  ? 

61.  Do  they  change  their  position  relatively  to  the  limb,  to  the  terminator, 
or  to  one  another  ? 

62.  How  would  you  prove  that  the  Moon  in  all  its  phases  is  the  same 
Moon? 

63.  When  the  Moon  is  full  on  any  given  evening,  how  does  its  time  of  rising 
compare  with  the  time  of  sunset  ? 

64.  At  what  time  does  the  Moon  set  on  two  or  three  successive  nights  ? 
66.    How  do  these  observed  times  agree  with  the  almanac  times  ? 

66.  Does  the  Moon  rise  and  set  every  day  ? 

67.  In  September  or  October  can  you  find  a  time  when  the  Moon  stays  above 
the  horizon  more  than  twelve  hours  ?    Less  than  twelve  hours  ? 

68.  What  marked  peculiarity  do  you  notice  about  the  rising  of  the  Moon 
when  it  is  nearly  full  in  September  and  October? 

69.  Where  do  you  look  for  the  Moon  a  few  days  before  it  is  new  ? 

70.  How  short  a  time  before  new  Moon  can  you  see  the  Moon  ? 

71.  How  soon  after  new  Moon  can  you  see  the  Moon  ? 

72.  Why  can  you  not  see  it  at  the  instant  of  new  Moon,  or  at  least  an  hour 
or  two  after  that  time  ? 

73.  Which  way  do  the  horns  of  the  new  Moon  point  ?    Why  ? 

74.  When  you  see  the  crescent  Moon  in  the  East,  which  way  do  the  horns 
then  point?    Why? 
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75.  By  means  of  the  celestial  globe  and  a  disc  of  paper  for  the  Moon,  how 
accnrately  for  a  particular  day  and  hour  can  yon  predict  the  direction  in  which 
the  horns  will  point  ? 

76.  Locating  the  Moon  with  regard  to  the  horizon,  what  is  the  altitude  and 
azimuth  at  a  given  hour  and  minute  ? 

77.  In  how  short  a  time  are  you  sure  of  detecting  a  change  in  these  co- 
(Vrdinates  ? 

78.  During  a  particular  day,  between  what  limits  approximately  do  the  al- 
titude and  azimuth  oi  the  Moon  vary  ? 

79.  At  a  given  time,  how  many  degrees  is  the  Moon  above  or  below  the 
ecliptic? 

80*  Measuring  along  the  ecliptic  how  many  degrees  is  it  then  east  or  west  of 
the  vernal  equinox  ? 

81.  Estimating  distances  directly  from  the  celestial  equator  and  vernal  equi- 
nox, what  is  the  Moon*8  right  ascension  and  declination  ? 

82.  How  accurately  can  yoa  obtain  these  coordinates  by  mapping  the  Moon 
with  stars  near  it  ? 

83.  Can  yon  detect  a  change  in  these  coordinates  from  night  to  night  ?  In  a 
sinj^e  night  ? 

84.  On  a  given  night  in  what  constellation  is  the  Moon  ? 

85.  How  do  you  reconcile  the  constellation  in  which  the  Moon  is  found  in 
the  sky  with  the  place  of  the  Moon  as  given  in  the  Old  Parmer's  Almanac? 

86.  In  what  direction  does  the  Moon  appear  to  move  ? 

87.  What  is  the  hourly  rate  of  the  apparent  motion  ? 

88.  In  what  direction  docs  the  Moon  move  among  the  stars  ? 

89.  What  is  the  hourly  rate  ot  this  motion  ? 

90.  Through  what  constellations  does  the  Moon  pass  in  a  given  lunar 
month  ? 

91.  Does  it  pass  through  the  same  constellations  in  different  months  ? 

92.  Fixing  its  path  by  bright  stars,  does  the  path  vary  from  month  to 
month  ? 

93.  Fixing  the  Moon's  path  in  reference  to  the  horizon  by  the  points  of  ris- 
ing, southing  and  setting,  do  you  find  a  change  from  night  to  night?  Prom 
month  to  month  ? 

94.  How  does  the  full  Moon  compare  in  size  with  the  Sun  ? 

95.  On  a  given  day,  docs  the  Moon  rise  north  or  south  of  the  sunrise  point  ? 

96.  On  a  given  day,  does  the  Moon  set  north  or  south  of  the  sunset  point  ? 

97.  Is  the  meridian  altitude  of  the  Sun  or  the  Moon  greater  on  any  particu- 
lar day  ? 

98.  If  you  fix  the  |)nths  of  the  Sun  and  Moon  by  their  points  of  rising, 
southing  and  setting,  how  do  these  paths  compare  on  any  given  day  ? 

99.  Having  found  the  relative  positions  of  these  two  paths  for  one  day,  will 
this  position  hold  true  for  other  days  in  diffierent  months? 

II. 

Suggestions. 

The  preceding  questions  with  few  exceptions  can  be  brought 
into  two  groups,  one  dealing  with  the  position  and  motion  of  the 
Sun  and  Moon,  the  other  treating  of  the  physical  characteristics 
of  these  bodies,  their  form,  size,  color  and  surface  markings. 


Digitized  by 


Google 


220  First  Observations  of  the  Sun  and  Moon. 


It  is  possible  even  without  a  telescope  to  do  a  little  in  studying 
the  solar  disc.  One  can  at  least  put  to  the  test  his  vague  notions 
that  the  sun  is  not  always  of  the  same  size,  that  it  has  been  seen 
elliptical  in  outline  and  that  its  color  varies  all  the  way  from 
dazzling  white  tinged  with  yellow  to  a  dull,  deep  red.  These 
winter  days  oflTer  abundant  opportunity  to  note  how  sunlight  is 
aflFected  by  passing  through  cloud-layers  of  different  thickness, 
and  any  one  who  watches  the  sun  under  a  cloud  for  several  days 
should  obtain  satisfactory  proof  for  or  against  the  text-book  dic- 
tum that  all  parts  of  the  sun  are  not  equally  bright.  It  is  no  ob- 
jection whatever  to  such  observations  as  these  that  they  deal 
mainly  with  optical  delusions  and  effects  of  the  atmosphere.  If 
one  is  ever  to  divine  from  appearances  in  the  sky  what  belongs  in 
very  truth  to  a  heavenly  body  and  what  must  be  traced  to  the  ob- 
server and  his  surroundings,  these  tricks  played  by  the  air  and 
our  own  eyes  are  precisely  the  very  things  to  be  investigated  and 
it  is  well  to  begin  with  simple  phenomena  where  the  illusions 
stand  out  boldly. 

In  all  observations  connected  with  the  Sun,  spectacles  with 
dark  glasses  are  better  than  apiece  of  smoked  glass  held  in  the 
hand.  The  inexperienced  observer  gets  a  steadier  view  and  both 
hands  are  left  free.  Two  pairs  of  spectacles  are  needed  when 
watching  for  sunspots  and  even  then  the  glasses,  unless  they  are 
very  dark,  must  be  smoked.  The  present  year  is  a  favorable  time 
for  finding  spots  on  the  Sun.  There  is  a  possibility  any  day  that 
one  may  appear  which  is  large  enough  to  be  seen  without  any 
magnifying  power.  During  the  past  few  months  one  of  the  stu- 
dents here  has  made  a  report  of  sunspots  seen  with  the  naked 
eye. 

The  sun  is  very  bright  and  very  far  away.  The  Moon  is  our 
next-door  neighbor  and  shows  true  neighborly  kindness  in  being 
hospitable  to  every  observer  on  the  earth.  Any  one  who  has  not 
made  the  experiment  will  doubtless  be  surprised  to  find  out  how 
much  can  be  learned  about  the  Moon's  surface  by  simply  lookirg 
at  it.  No  matter  how  little  is  seen  at  first,  it  is  only  necessary  to 
persevere  and  one  b3'  one  details  come  out.  A  simple  question  is 
found  to  involve  much  more  than  appears  at  first  sight.  It  needs 
more  than  a  hasty  glance  to  describe  the  ghost  of  a  Moon  which 
appears  in  broad  daylight,  looking  like  and  vet  unlike  a  little 
cloud. 

All  satisfactory  study  of  the  Moon's  appearance  must  be  ac- 
companied by  drawings  of  some  kind.  The  poorest  are  usually 
1)etter  than  no»^e.    In  answering  questions  from  45  to  62  in  the 
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preceding  list,  as  many  as  eight  or  ten  sketches  should  be  entered 
in  the  note-book  in  connection  with  the  descriptions.  No  one 
should  omit  careful  and  repeated  observation  with  the  naked  eye, 
although  final  tests  will  naturally  be  made,  if  possible,  with  an 
opera  glass.  If  the  glass  magnifies  three  or  four  diameters,  a 
genuine  beginning  can  be  made  in  selenography,  and  for  that  it 
would  be  hard  to  find  a  better  guide  than  Chapter  V,  in  Astron- 
omj  with  an  Opera  GlasSy  by  Serviss. 

To  be  Continued, 


GI.A.S8    FOR     OPTICA.L     INSTRUMENTS    WITH     KSPBCIA.L 
RBFBRBNCB  TO  TBLBSCOPB  OBJBCTIVBS. 


J.  A.  BRASHBAR.* 


When  the  glass  for  the  36-inch  objective  of  the  Lick  Observa- 
tory was  under  process  of  manufacture,  and  many  failures  had 
been  made  in  obtaining  the  crown  disc,  a  vety  successful  glass 
maker  in  this  country  came  to  the  writer  and  suggested  that  he 
could  make  such  a  disc  without  any  diflSculty.  After  a  brief  con- 
versation with  the  gentleman  as  to  his  plans,  it  was  clearly  evi- 
dent that  the  sum  of  his  knowledge  about  optical  glass  was  that 
it  should  be  transparent  and  free  from  bubbles.  Many  persons, 
not  conversant  with  the  conditions  demanded  in  a  piece  of  glass 
suitable  for  making  a  high  class  telescope  objective,  consider  that 
transparency  and  freedom  from  bubbles  are  the  most  important 
elements  to  consider,  whereas  a  piece  of  glass  may  be  as  "clear  as 
crystal'*  and  vdthout  a  bubble  to  mar  its  beauty,  yet  be  worth- 
less in  an  optical  sense. 

The  history  and  development  of  the  optical  glass  industry  is  in- 
deed a  very  interesting  story,  but  as  its  general  facts  have  been 
written  many  times,  it  is  best  that  we  give  our  readers  informa- 
tion of  a  kind  that  will  be  of  practical  value.  They  will,  how- 
ever, desire  to  know  something  of  the  methods  of  manufacture. 

In  making  window  glass,  plate  glass,  table-ware  glass,  etc.  the 
fomaces  for  melting  the  material  are  large  enough  to  have  from 
four  to  a  dozen  or  more  pots  placed  in  them,  and  these  pots  are 
used  until  they  break  or  are  burned  out,  but  in  making  optical 
glass  but  one  pot  is  placed  in  a  small  furnace.  Great  care  must 
be  taken  in  the  preparation  of  the  pot  as  the  oxide  of  iron  and 
other  impurities,  oflen  constituents  of  the  clay  used  in  the  man- 
ufacture of  pots  for  melting  glass  in,  would  ruin  the  finer  grades 
of  optical  glass. 

*  Optidan,  AUegbeny,  Penn. 
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After  the  pot  is  brought  up  to  a  pretty  high  temperature  the 
"batch"  or  material  for  the  glass  is  placed  in  the  pot  and  al- 
lowed to  subside  by  the  softening  of  the  more  easily  melted  ma- 
terials,  and  again  filled  up,  three  fillings  being  usually  required. 

While  the  **  batch  "  is  melting  we  will  give  the  composition  of  a 
few  of  the  various  glasses  used  in  optical  work. 

Guinand  and  Fraunhofer  used  for  the  flint  glass  for  objectives 
for  telescopes, 

100  parts  silica, 
106  parts  red  oxide  of  lead, 
43  parts  carbonate  of  potash. 

Bontemps  used 

100  parts  silica, 
100  parts  red  oxide  of  lead, 
21.5  parts  carbonate  of  potash, 
5  parts  nitrate  of  potash. 

A  standard  **  batch  "  used  in  France  and  England  contains]: 
100  parts  silica, 
105  parts  red  oxide  of  lead, 
20  parts  carbonate  of  potash. 
5  parts  nitrate  of  potash. 

For  denser  flints  more  oxide  of  lead  is  used  and  for  lighter,  less 
of  the  oxide,  and  there  are  very  many  variations,  formulas  for 
which  the  writer  has  received  from  the  younger  Feil,  but  which 
need  not  be  repeated  here. 
For  the  crown  glass  the  **  batch  "  is  composed  of 
100  parts  silica, 
41.64  parts  carbonate  of  potash, 
9.46  parts  red  oxide  of  lead. 
9.46  parts  slacked  lime, 
1.90  parts  nitrate  of  potash. 

Another  formula  is, 

100  parts  silica, 
42.66  parts  carbonate  of  potash. 
21.66  slacked  lime, 
2.22  parts  nitrate  of  potash. 

In  this  latter  formula  the  lead  is  left  out  entirely. 

The  optical  glass  manufactory  of  Jena  has  added  many  new 
kinds  of  flint  and  crown  glasses  which  are  now  at  the  command 
of  the  optician,  and  Mr.  Mantois  of  Paris  has  also  made  a  num- 
ber of  new  kinds  during  the  past  few  years,  but  the  standard 
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flint  and  crown  glasses  for  telescope  objectives  are  practically 
those  whose  formulae  have  been  given  above.  Ordinary  optical 
crown  glass  has  an  index  of  refraction  for  the  D  line  of  the  spec- 
tmm  of  1.51,  but  by  the  addition  of  baryta,  this  index  has  been 
increased  to  as  high  as  1.587. 

Boro  silicate  flint  glass  has  been  made  with  an  index  for  the  D 
line  as  low  as  1.55,  while  the  dense  yellow  flint  glass  known  as 
Paraday  glass  has  an  index  for  D  equal  to.  1.9626.  But  we 
must  return  to  our  glass  melting  furnace,  and  will  find  the'^batch'^ 
melted  and  quite  limpid.  A  ''gathering"  of  it  is  now  taken 
out  on  a  rod  called  a  punty,  although  a  small  pipe  is  frequently 
used  so  that  the  trial  piece  may  be  made  something  like  the  shape 
of  a  pear  with  a  slight  hollow  blown  in  it.  If  the  trial  piece 
is  found  transparent  and  free  from  "  seeds  "  which  are  imperfectly 
melted  particles  of  silex  or  minute  air  bubbles,  it  is  good  enough 
for  ordinary  purposes  for  which  glass  is  used  in  the  arts,  but  for 
optical  purposes  it  must  now  be  stirred  by  a  peculiar  stirrer 
made  of  pot  clay  which  is  sometimes  heated  before  being  inserted 
in  the  pot.  Our  French  optical  glass  makers  call  this  stirrer  Le 
Guinand,  after  the  celebrated  Guinand  who  flrst  used  this 
method  of  thoroughly  mixing  the  glass.  An  iron  bar  called  a 
crochet,  bent  at  the  end  to  insert  in  the  clay  stirrer,  but  which 
does  not  come  in  contact  with  the  melted  glass  is  put  in  an  open- 
ing made  for  it  in  the  Guinand  and  the  glass  is  stirred  thoroughly 
until  it  becomes  so  stiff  by  gradual  cooling  that  it  cannot  well  be 
stirred  longer.  For  ordinary  optical  glass  this  one  stirring 
usually  suffices,  but  a  second  and  even  a  third  stirring  is  resorted 
to  after  the  glass  has  been  made  softer  by  additional  heating,  if 
the  highest  grades  of  glass  are  desired. 

This  careful  and  prolonged  stirring  is  one  of  the  most  difficult 
parts  of  the  manipulation,  as  it  usually  requires  two  workmen 
to  stand  before  the  intensely  heated  furnace  for  two  or  three  hours. 
When  the  stirrer  is  first  introduced  and  the  glass  is  limpid  it  can 
be  moved  around  inside  of  the  pot  once  a  second,  but  at  the  close 
of  the  operation  it  requires  five  or  six  times  as  long  to  move  it. 

The  stirrer  must  not  touch  the  pot  or  some  of  the  clay  may  be 
incorporated  with  the  glass,  and  thus  ruin  it. 

The  purpose  of  this  stirring  is,  to  so  thoroughly  mix  the  glass 
that  it  will  be  as  nearly  equal  in  density  throughout  the  mass  as 
possible,  and  be  free  from  stris  and  other  impurities  that  are,  in 
part  at  least,  eliminated  in  this  way.  After  the  final  stirring,  the 
next  step  is  to  thoroughly  lute  or  stop  every  open  place  in  the  fur- 
nace so  as  to  prevent  any  air  from  gaining  admittance  to  it,  and 
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then  a  slow  process  of  cooling  goes  on  for  from  four  to  eight  days, 
according  to  the  size  of  the  pot  and  the  amount  of  material  con- 
tained in  it.  This  slow  cooling  is  not  for  the  purpose  of  anneal- 
ing the  glass  in  a  perfect  manner,  but  to  save  the  glass  from  being 
shattered  into  small  fragments.  With  the  slowest  cooling,  it  is 
always  very  uncertain  whether  or  not  large  pieces,  unbroken, 
can  be  secured,  for  if  a  lump  is  cracked  in  any  way  it  can  never 
be  reunited  to  make  a  perfect  disc;  hence  it  is  that  as  the  discs  of 
optical  glass  increase  in  size  their  cost  increases  greatly,  and  justly 
so.  The  writer  has  seen  some  very  odd  looking  shapes  in  the 
original  blocks  at  the  factory  of  Mr.  Mantois  in  Paris,  from 
which  one  wotdd  think  it  impossible  to  make  a  disc  suitable  for  a 
large  objective,  but  we  all  owe  a  debt  of  gratitude  to  Guinand 
for  the  beautiful  process  which  takes  hold  of  this  rough  and 
unshapely  piece  of  glass  and  fiits  it  for  the  optician's  handiwork. 

And  now  let  us  follow  the  block  as  it  goes  through  the  processes 
which  make  it  suitable  for  a  lens. 

A  superficial  examination  determines  whether  it  has  such  seri- 
ous defects  as  would  make  it  useless  to  carry  the  manipulation 
further.  This  preliminary  examination  causes  many  pieces  to  be 
rejected  or  set  aside  to  be  utilized  for  plates  good  enough  for  some 
uses  such  as  cheap  photo  lenses,  opera  glasses,  etc.  If  ho  wever,  on 
close  examination,  it  is  found  suitable  for  a  high  class  lens,  any 
serious  defects  are  either  ground  ofiFon  a  mill  or  sawed  off  with  a 
soft  iron  saw,  using  sand  or  emery,  or  with  a  diamond  saw,  /.  e., 
a  soft  iron  saw  with  diamond  dust  hammered  in  its  edge.  Some 
times  it  is  found  necessary  to  grind  more  than  half  waj"  through 
a  block  of  glass  to  cut  out  an  imperfection  and  this  may  be  done 
with  safety,  and  indeed  it  is  possible  to  grind  almost  through 
a  block  of  glass  and  save  it,  but  if  the  cut  goes  entirely  through, 
it  will  never  reunite  without  a  flaw,  whereas,  when  the  cut  is  not 
through,  the  opening,  with  its  surrounding  rough  surfaces  will 
slowly  rise  to  the  top  when  the  piece  is  softened  in  its  secondary 
heating,  which  we  will  presently  notice. 

To  be  Continued, 


FAITH  IN  THK  INTEGRITY  OF  THB   INTERSTElrLrAR 

MEDIUM. 


DE  VOLSON  WOOD.* 


That  space  is  not  void  is  conceded.  That  it  is  filled  with  a  me- 
dium capable  of  transmitting  light  and  heat  is  not  questioned. 
This  medium  is  believed  to  be  uniform  in  density  and  elasticity, 

*  Stevens  Institute,  Hoboken,  N.J. 
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but  the  exact  nature  of  its  constitution  is  unknown.  Some  be- 
Beve  it  to  be  molecular  like  gas,  while  others  question  if  its  struc- 
ture has  been  correctly  defined.  It  makes  no  direct  impression 
upon  the  senses,  and  is  known  only  through  effects  produced ;  and 
yet,  whatever  be  its  nature,  it  is  known  to  transmit  a  wave  of 
fight  at  the  rate  off  86,300  miles  per  second,  there  being,  as  a 
mean  value,  within  the  spectrum  about  50,000  waves  in  an  inch, 
or  more  than  60,000,000,000,000,000  in  the  distance  passed  over 
in  one  second.  When  it  is  considered  that  waves  are  transmitted 
through  this  medium  in  all  conceivable  directions  with  the  same 
velocity,  some  faint  conception  may  be  had  of  its  intense  activity. 
The  complicity  of  the  waves  is  transcendent,  for  each  shade  of 
fight  has  its  own  wave-length,  there  being  about  36,000  waves 
to  the  inch  in  red  fight,  and  more  than  64,000  in  violet,  and  out- 
side the  visible  spectrum  there  are  less  in  number  in  one  direction 
and  more  in  the  other.  Every  self-luminous  body  in  the  universe 
is  imparting  to  this  medium  waves  of  these  varying  lengths,  all 
traveUing  with  a  sensibly  constant  velocity.  When  it  is  con- 
sidered that  the  countless  number  of  stars  and  suns,  scattered 
promiscuously  throughout  limitless  space,  are  producing  such 
waves  radiating  from  each  other  in  aU  possible  directions,  it 
would  seem  that,  if  they  did  not  actually  destroy  each  other,  they 
would  so  interfere  as  to  produce  ''confosion  worse  confounded'' 
and  the  impressions  upon  the  eye  of  an  observer  would  be  value- 
less. But,  on  the  contrary,  the  scientist  beUeves  that  this  me- 
dium truly  and  faithfully  transmits  to  the  remotest  space  every 
wave  imparted  to  it,  preserving  with  the  strictest  integrity  its 
individuafity— except  that  planets  and  other  sofid  bodies  may 
destroy  the  waves  they  intercept, 

A  star  ten  or  more  years  ago  started  a  wave  which  just  now, 
we  wiU  suppose,  arrives  at  the  Earth  and  writes  its  own  record 
on  some  sensitized  plates,  though  the  star  may  be  6,000,000,000,- 
000  miles  away.  From  these  impressions  the  physicist  finds— 
perhaps— that  the  star  is  double,  although  the  most  powerful 
telescope  had  failed  to  divide  it,  that  the  two  revolve  about  each 
other,  and  he  determines  their  probable  orbit,  masses  and  veloci- 
ties. Or,  perhaps  he  finds,  as  in  the  remarkable  star  of  1892, 
that  it  changes  from  a  star  to  a  nebula  in  a  few  months.  In  all 
this,  no  question  is  raised  in  regard  to  the  integrity  of  the  record, 
nor  whether  in  its  long  journey,  any  planet,  sun,  comet,  meteor- 
ite or  nebula  has  interfered  to  modify  or  in  any  way  to  corrupt 
the  story  it  was  commissioned  to  tell.  What  faith  I  But  this  is 
fittle  more  than  the  shadow  of  an  illustration ;  for  Herschel,  the 
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astronomer,  thought  it  probable  that  we  can  see  nebulae  from 
which  it  has  taken  light  300,000  years  to  reach  the  Earth,  dur- 
ing which  time  the  interstellar  medium  has  been  faithful  in  trans- 
mitting at  the  rate  of  more  than  11,000,000  miles  per  minute  the 
impulse  committed  to  it,  notwithstanding  its  path  has  been 
crossed  and  recrossed  by  other  waves  without  number.  Pen  can- 
not adequately  describe  the  transcendent  properties  of  this  won- 
derful medium  called  the  'Muminiferous  ether,"  nor  too  highly 
exalt  that  faith  which  enables  one  to  implicitly  believe  the  truth- 
fulness  of  the  stories  committed  to  him.  One  is  led  to  exclaim 
with  the  Psalmist  **0h  Lord!  bow  manifold  are  thy  works,  in 
wisdom  thou  hast  made  them  all."— Stieuce,  iSTov.  3,  1893. 


THE  FACE  OF  THE  SKY. 


CHARLOTTB  R    WILLARD 


At  aboat  seven  o'clock  February  first  a  bright  star  may  be  seen  rising  a  little 
north  of  the  east  point  of  the  horizon.  This  is  Regulus  ( a  Leonis),  the  heart  of 
the  Lion,  and  is  the  brightest  star  in  the  zodiacal  constellation  Leo.  On  the  twen- 
ty-first oi  August  the  sun  passes  just  below  this  star.  Preceding  Regulus  are 
five  stars  which  with  it  form  the  Sickle,  Regulus  being  at  the  end  of  the  handle. 
Near  the  upper  part  of  the  Sickle  is  the  point  in  the  heavens  from  which  the  No- 
vember meteors  seem  to  radiate.  The  second  star  from  Regulus  ( y  Leonis )  is  a 
fine  double;  the  components  are  separated  by  about  3'^  and  are  of  magnitudes  2 
and  4;  this  is  a  binary  with  "  period  of  1,000  years  or  less." 

Near  the  Sun's  path  and  preceding  Regulus  by  about  2V^  hours  is  n  hazy  spot 
known  as  Priesepe  or  the  Bee  Hive  in  the  constellation  Cancer.  An  opera  glass 
resolves  this  into  a  beautiful  cluster. 

A  comparison  of  the  colors  of  the  bright  stars  now  visible  will  be  found  inter- 
esting. Notice  the  contrast  between  the  colors  of  Betelgeuse  and  Rigel  by  glancing 
quickly  from  one  to  the  other.  There  is  much  to  interest  in  the  theory  that  the 
age  of  a  star  is  indicated  by  its  color. 

About  half  way  between  Praesepe  and  Sirius  is  Procyon,  the  Little  Dog  Star, 
which  is  the  only  first  magnitude  star  in  the  constellation  Canis  Minor.  Its  name 
signifies  before  the  Dog,  it  rising  a  little  earlier  than  Sinus.  The  motion  of  Pro- 
cyon  is  evidently  disturbed  by  an  unseen  companion,  for  which  Mr.  Bnmham  has 
in  vain  searched  with  the  Great  Lick  Telescope. 

"  The  Pace  of  the  Sky  "  occupies  little  space  in  the  present  issue,  because  of  the 
large  amount  of  matter  to  be  presented  on  the  phenomena  for  the  year  1894. 
Those  objects  are  mentioned  which  are  appearing  in  the  East  and  have  not  been 
noticed  in  preceding  numbers. 


Observatory  on  Mont  Blanc— We  will  soon  give  a  picture  of  the  Observ- 
atory on  the  summit  of  Mont  Blanc,  Switzerland,  which  is  15,780  feet 
above  the  level  of  the  sea.  It  is  the  highest  astronomical  Observatory  in  the 
world,  and  has  only  recently  been  completed. 
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PHBNOMENA  DURING  THB  YEAR  1894. 


H  .C.  WILSON. 


Thinking  that  a  general  preview  of  the  astronomical  phenomena,  which  are 
to  be  expected  daring  this  year,  would  I)c  of  interest  to  our  readers,  we  have  pre- 
pared the  following  notes. 

£clip0e«.— There  will  be  four  eclipses,  two  of  the  Sun  and  two  of  the  Moon, 
none  of  which  will  be  of  special  interest.  The  first  will  be  a  partial  eclipse  of  the 
Moon  on  March  21,  beginning  at  5^  57"*  a.  h.,  and  ending  at  10^  44*"  a.  m.,  cen- 
tral standard  time.  Only  one-fonrth  of  the  Moon's  diameter  will  be  immersed  in 
the  Barth's  shadow  at  the  time  of  maximum  eclipse. 

The  second  will  be  an  annular  eclipse  of  the  Snn  beginning  April  5  at  7^  16"^ 
p.  k.,  and  ending  at  12**  32»  a.  k.,  April  6,  centred  time.  It  will  be  visible  as  a 
partial  eclipse  in  Asia,  Alaska,  and  the  eastern  part  of  Europe.  The  path  of  the 
annular  eclipse  passes  from  the  Indian  Ocean  across  Hindostan,  China,  and  Si- 
beria, into  Alaska. 

The  third  will  be  a  partial  eclipse  of  the  Moon^  beginning  Sept.  14  at  7^  59™ 
p.  K.,  and  ending  Sept.  16  at  1^  04"*  A.  M.  This  will  be  visible  throughout  North 
and  South  America.  The  beginning  will  be  visible  in  the  western  portions  of 
Burope  and  Africa.  Only  0.23  of  the  diameter  of  the  Moon  will  be  covered  by 
the  shadow  at  the  middle  of  the  eclipse. 

The  fourth  will  be  a  total  eclipse  of  tbe  San,  beginning  Sept.  28  at  9^  1"*  p.  M. 
and  ending  Sept.  29  at  2**  17"*  a.  if .  central  time.  It  will  be  visible  mostly  in  in- 
accessible regions.  The  path  of  totality  passes  from  Central  Africa  across  the 
Indian  Ocean  to  the  south  of  Australia.  As  a  partial  eclipse  it  will  be  visible  in 
the  eastern  part  of  Africa,  Persia,  Hindostan,  the  Indian  Ocean,  the  southern 
part  of  Australia  and  one  of  the  islands  of  New  Zealand. 

Transit  of  Mercnry.—The  planet  Mercury  will  pass  directly  between  the 
Earth  and  the  Sun  on  Nov.  10,  so  that  for  over  five 
hours  it  will  be  seen  projected  as  a  round  black  spot 
upon  the  disc  of  the  Sun.  The  transit  will  begin  at 
9**  66">  A.  M.,  and  end  at  3^  12~  P.  M.  central  time. 
The  accompanying  diagram,  Fig.  1,  vrill  indicate  the 
course  which  Mercury  is  to  take  across  the  solar  disc. 
This  transit,  which  will  be  the  last  to  occur  during 
/v>  this  century,  will  be  visible  throughout  North  and 
South  America,  and  in  the  western  parts  of  Europe 
and  Africa.  Before  November  we  will  give  the  neces- 
sary data  for  computing  the  times  of  the  contacts  for 
Pig.  1.  different  localities. 

Occtaltations.— The  usual  number  of  occultations  of  stars  by  the  Moon  is 
to  be  expected.  The  lists  of  these  for  each  month  will  be  given  one  month  in  ad- 
vance. We  can,  however,  give  only  the  data  which  apply  to  the  occultations  as 
seen  from  Washington,  since  these  data  are  quite  different  for  diflferent  localities, 
and  the  labor  of  calculating  them  for  a  sufficient  number  of  points  to  make  a  gen- 
eral table  even  for  the  United  States  would  be  more  than  we  can  undertake.  The 
Washington  times  win  serve  to  call  attention  to  the  phenomena,  but  may  be  ex- 
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pected  to  be  in  error  by  many  minutes,  besides  the  difierence  in  longitude  for 
other  places. 

The  Planets.— We  have  had  the  diagrams,  Pigs.  2  and  3,  made  in  order  to 
place  before  the  eye  of  the  reader  the  planets  in  their  true  places  in  their  orbits, 
and  relative  positions  with  reference  to  the  Barth  and  Snn.  The  circles  represent 
the  orbits  of  the  planets,  and  their  positions  at  the  beginning  and  end  of  the  year, 
and  in  some  cases  at  the  beginning  of  each  month  are  marked  upon  the  circles. 
It  was  impracticable  to  draw  them  all  to  the  same  scale,  because  of  the  enormous 
dimensions  of  the  orbits  of  Uranus  and  Neptune. 


••I  I 


Pio.  2.— Diagram  showing  thb  places  op  Mbscust,  Venus  and  Basth  in  thbik 

OSBITS  DURING  1894. 

At  a  glance  one  will  see  that  Mercury  makes  a  little  more  than  four  revolu- 
tions about  the  Sun,  being  seen  from  the  Barth  first  on  one  side  then  on  the  other 
of  the  Sun.  On  Jan.  1  this  planet  as  seen  from  the  Barth,  is  to  the  right  or  west 
of  the  Sun.  Toward  the  end  of  the  month  it  will  be  behind  the  Sun,  at  superior 
conjunction.  A  few  days  before  March  1  it  will  be  at  its  greatest  distance  to  the 
left  or  east  of  the  Sun,  and  will  therefore  be  visible  in  the  evening  just  after 
sunset.  About  the  middle  of  March  Mercury  will  be  in  line  between  Barth  and 
Sun,  I.  e.,  at  inferior  conjunction,  and  invisible.  A  little  study  of  the  chart  will 
show  that  we  ought  to  expect  to  see  Mercury  as'*  evening  star  "in  the  latter  part 
of  February,  the  latter  part  of  June  and  the  middle  of  October,  and  as  "morning 
star"  about  the  middle  of  April,  the  first  of  August  and  the  last  of  December. 

In  the  same  way  we  find  that  Venus  will  be  "evening  star"  during  January, 
but  wiU  pass  between  Barth  and  Sun  in  February,  and  after  that  will  be  "morn- 
ing star,"  reaching  her  greatest  distance  to  the  right  or  west  from  the  Snn  in 
May.    In  November  she  will  pass  behind  the  Sun,  becoming  evening  star  again. 

From  Fig.  8  we  see  that  Mars  is  just  coming  out  from  behind  the  Sun,  and 
win  not  be  in  a  very  good  position  for  three  or  four  months  yet,  but  that  from 
July  to  the  end  of  the  year  its  position  will  be  very  frivorable.  Jupiter  will  be  too 
dose  to  the  Snn  for  observation  during  May  and  June,  and  will  be  in  best  position 
in  December.    Saturn  will  be  best  seen  in  April  and  May,  and  will  be  invisible  in 
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October.  Unumt  will  be  in  beet  pomtion  in  May  and  Jnne,  and  Neptnne  in  NoYem- 
ber  and  December.  At  the  present  time  Mars,  Satnm  and  Uranus  are  in  that 
part  of  the  sky  which  is  risible  in  the  morning,  Jupiter  and  Neptune  in  the  oppo- 
site r^;ion  wldch  is  Tisibk  in  the  evening.  Mars  is  raindly  leaving  his  compan- 
ions  behind,  and  at  the  end  of  the  year  will  join  Neptune  and  Jufnter. 


Pig.  3.— DiAoaAM  showing  thb  places  op  Basth  and  outbk  Planbts  in  thbir 

OsBrrs  during  1894. 

The  chart,  Pig.  4,  shows  the  apparent  paths  which  will  be  traced  among  the 
stars  during  the  year  by  the  planets  Uranus  and  Saturn,  and  will  enable  the 
reader  who  is  famiHar  with  the  constellations  to  identify  the  planets  at  any  time. 

Comets*— What  new  comets  will  be  discovered  of  course  we  cannot  predict, 
but  two  comets  of  short  period  are  expected  to  return  this  year.    The  first,  Tem- 
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pel  II,  the  second  comet  of  1873,  is  dae  at  perihelion  April  20,  and  will  be  in  good 
position  for  observation  for  several  months  after  that  time.  It  will  be  a  telescop- 
ic comet.    It  was  last  seen  in  1878,  when  it  was  observed  for  five  months. 

The  second  is  Encke's  periodic  comet,  which  is  not  dae  at  perihelion  nntil  Feb. 
1896,  but  vrill  be  in  best  position  for  observation  in  December,  1894.  This  is 
also  a  telescopic  comet,  having  a  period  of  3.3  years. 

If  the  reader  vrill  refer  to  the  plate  of  the  Jnpiter  family  of  comets  in  the  Octo- 
ber number  of  Popux^ar  Astronomy  he  will  see  the  orbits  of  these  comets  and 
their  relation  to  that  of  the  Earth. 
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Pig.  4.— Chart  showing  the  Apparent  Paths  of  Saturn  and  Uranus  among 

THE  Stars  in  1894. 

The  Phenomena  of  the  Satellite8.~The  satellites  of  Mars  are  so  small 
and  faint  that  they  are  not  likely  to  be  seen  1^  many  amatenrs.  The  most  fav- 
orable time  to  make  the  attempt  to  see  them  will  be  in  Octolier  when  Mars  is 
nearest  the  Earth. 

The  phenomena  of  Jupiter's  four  outer  Satellites  may  be  observed  with  a  very 
moderate  telescope.  We  will  therefore  give  for  each  month  the  times  of  those 
phenomena  which  will  be  visible  in  the  United  States,  and  the  configuration  of  the 
satellites  at  the  most  convenient  honr  for  ol>servation  on  each  night.  The  dia- 
gram. Pig.  6,  shows  the  apparent  courses  of  the  satellites  around  the  planet  for 
this  year.  The  diagram  gives  the  appearance  seen  in  an  inverting  telescope. 
The  vertical  scale  is  made  three  times  that  of  the  horizontal  scale  in  order  to 
clearly  separate  the  lines.  Unfortunately  the  arrows  indicating  the  direction  of 
.motion  have  been  omitted  from  the  cat.  It  is  easy,  however,  to  remember  that 
the  motion  in  the  upper  half  of  each  satellite  orbit  is  toward  the  left,  and  in  the 
lower  half  toward  the  right.  It  will  be  noticed  that  all  the  satellites  except  IV 
pass  in  front  of  the  planet  when  going  toward  the  left,  and  behind  it  when 
moving  toward  the  right.  Satellite  IV  barely  skirts  the  upper  and  lower  edges  o^ 
the  planet.    The  time  when  a  satellite  enters  upon  the  right  edge  of  the  disc  of 
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Jupiter  it  designated  in  the  table  on  page  235  as  Tr,  In.  (transit  ingress);  that 
when  it  leaves  the  left  edge  Tr.  Eg.  (transit  egress).  The  time  when  the  satellite 
coming  from  the  left  goes  behind  the  planet  is  designated  Oc.  Dia.  (occaltation 
disappearance);  when  it  emerges  on  the  right  Oc.  Re.  (occnltation  reappear- 
ance). When  the  satellite  enters  the  shadow  of  the  planet  the  designation  is  Be. 
Vis.  (eclipse  disappearance);  when  it  emerges  from  the  shadow,  Be,  Re.  (eclipse 
reappearance).  The  shadow  of  the  planet  as  seen  from  the  Earth  is  sometimes 
projected  toward  the  right,  sometimes  toward  the  left,  and  sometimes  directlj 
behind  the  planet,  according  to  the  position  of  the  Earth  with  reference  to  the 
Hne  passing  through  the  Snn  and  Japiter,  so  that  the  last  mentioned  phenomena 
occur  in  different  apparent  positions  with  reference  to  the  planet  at  different 
tiroes.  In  February  the  shadow  of  Jupiter  will  be  projected  toward  the  right,  so 
that  the  eclipses  all  occur  after  the  occultations  and  on  the  right  side  of  the 
planet. 


Fig.  6.— Diagram  Showing  thb  Appasbnt  Couksbs  of  thb  SATBirUTBs  of  Jupi- 

TBR  AROUND  THB  PlANBT  IN  1894. 

The  four  diagrams  at  the  top  of  page  234,  marked  Phases  of  the  Eclipses,  etc*, 
show  where  the  observer  should  look  for  the  disappearance  and  reappearance 
of  each  satellite.  Satellite  I  is  so  near  the  planet  that  it  enters  the  sha- 
dow while  behind  the  planet,  but  reappears  at  the  point  marked  r*  Satellite  II 
disappears  in  the  shadow  at^»  very  soon  after  emerging  from  occultation,  and  re- 
appears at  !*•  The  third  satellite  is  so  far  out  that  both  the  disappearance  and 
reappearance  of  eclipses  occur  quite  a  distance  to  the  right  of  the  planet,  and  IV 
does  not  enter  the  shadow  at  all.  When  the  shadow  of  a  satellite  crosses  the 
disc  of  the  planet  it  is  seen  as  a  round  black  spot  entering  on  the  right  and  pass- 
ing off  the  left  edge.  The  beginning  of  this  phenomenon  is  designated  Sb»  In. 
{ti^nsit  of  shadow  ingress),  and  the  end  Sh.  Eg*  (transit  of  shadow  egress). 

The  configuration  of  Jupiter's  satellites  will  be  indicated,  as  for  February  on 
page  234,  for  a  given  hour  of  each  night,  the  light  disc  representing  the  planet  and 
the  dots  the  relative  positions  of  the  satellites.  The  numerals  indicate  the  num- 
bers of  the  satellites,  and  also  the  direction  of  their  motions.  The  latter  is 
always  from  the  dot  toward  the  numeral.  A  light  disc  at  the  left  side  of  the  page 
indicates  that  the  satellite,  whose  numeral  is  attached,  is  projected  upon  the  face 
of  the  planet;  a  black  disc  on  the  right,  that  the  satellite  is  invisible  by  occulta- 
tion or  eclipse. 

Five  of  the  satellites  of  Saturn  are  usually  visible  with  a  telescope  of  mode- 
rate power.  As  they  are  best  seen  when  at  their  greatest  divtances  to  the  right  or 
left  of  the  planet  (elongations),  we  will  give  each  month  the  times  of  the  eastern 
elongations.  The  western  elongations  will  occur  just  half  way  between  the  east- 
em;  and  the  positions  of  the  satellites  at  other  times  can  1)e  interpolated  with  the 
aid  of  a  diagram  which  we  will  give  in  our  next  number.  The  rings  of  Saturn 
will  be  in  good  position  for  observation  this  year. 

The  satellites  of  Uranus  and  Neptune  are  too  faint  to  be  seen  except  with 
large  telescopes. 
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PLANBT  NOTES  FOR  PBBRUART. 


Mercury  will  be  "evening  star"  during  Fcbrnary.  During  the  first  half  of 
the  month  he  will  be  close  to  the  Sun,  but  in  the  latter  part  will  be  visible  to  the 
naked  eje  for  a  short  time  after  sunset.  He  will  be  at  greatest  elongation,  east 
from  the  Sun  18*^,  on  the  evening  of  Feb.  25.  His  greatest  brilliancy  will  be 
attained  on  the  evening  of  Feb.  21.  Mercury  will  be  ten  degrees  due  south  from 
Venus  at  9^  41»  P.  M.  Feb  8,  central  time. 

Venus  will  be  visible  as  evening  planet  for  but  a  few  days  in  February.  On 
the  16th,  at  3^  04f™  a.  m.,  she  will  be  at  inferior  conjunction,  i.  e.,  between  the 
Earth  and  Sun.  Venus  will  be  in  conjunction  with  the  crescent  Moon,  11^  north 
of  the  latter,  at  3>»  03-  p.  M.  Feb.  6. 

Mara  will  be  visible  in  the  southeast  after  4^  a.  m .,  but  at  too  low  an  altitude 
for  good  observations  in  our  latitude. 

Jupiter  will  be  at  quadrature  90®  east  from  the  Sun  Feb.  11,  at  1^  62"  a.  if. 
He  will  be  in  excellent  position  for  observation  during  the  early  part  of  the  night. 
Jupiter  will  be  in  conjunction  with  the  Moon,  4i^  24'  north  of  the  latter,  Feb.  13 
at  3**  16"*  A.  M. 

Saturn  may  be  observed  after  midnight.  Look  toward  the  southeast  in  the 
constellation  Virgo,  about  5*^  northeast  from  the  star  Spica.  The  rings  of  the 
planet  are  easily  seen  with  quite  a  small  telescope.  They  are  now  turned  at  an 
angle  of  14®  to  the  line  of  sight,  so  that  with  telescopes  of  moderate  power  the 
divisions  may  be  seen.  Saturn's  apparent  motion  among  the  stars  during  Feb- 
ruary  will  be  westward.  He  will  be  in  conjunction  with  the  Moon,  4®  north,  at 
gh  02"  P.  M.  Feb.  23. 

Uranus  rises  about  midnight,  and  is  in  position  for  observation  from  3  to  G 
A.  If.  He  is  in  the  constellation  Libra,  about  1®  46'  east  and  26'  south  of  the 
star  a.  Uranus  will  be  at  quadrature,  90®  west  from  the  Sun,  Feb.  3  at  7^  04" 
p.  M.  He  will  be  stationary  in  right  ascension  Feb.  18,  and  after  that  will  move 
slowly  westward.  He  will  be  in  conjunction  with  the  Moon,  3®  36'  north,  at  9^ 
68"  A.  M.  Feb.  26. 

Neptune  will  be  at  quadrature,  90®  east  from  the  Sun,  Feb.  29  at  2^  36"  a.  m. 
He  will  be  in  good  position  for  observation  during  February.  He  is  almost  sta- 
tionary in  Taurus,  a  little  more  than  one-third  of  the  way  on  a  straight  line  from 
t  to  e  Tauri.  There  is  no  star  of  equal  brightness,  i.  e.,  8th  magnitude,  within  a 
radius  of  1®. 

Plate  XI  gives  a  photographic  reproduction  of  a  negative  of  a  portion  of  the 
constellation  Taurus,  taken  at  Goodsell  Observatory  on  the  night  of  Nov.  17  by 
H.  C.  Wilson,  with  a  2V^inch  camera.  The  camera  was  attached  to  the  8-inch 
photographic  telescope,  driven  by  clockwork,  and  corrected  occasionally  by  the 
observer  with  a  second  telescope.  The  photograph  was  taken  for  the  purpose  of 
showing  the  place  of  Neptime  with  tefbrence  to  the  small  stars,  from  winch  the 
amateur  has  difficulty  to  distinguish  it.  The  planet  is  in  the  center  of  the  plate 
near  the  point  of  the  arrow.  There  is  a  diamond-shaped  group  of  very  faint  stars 
which  can  only  be  seen  with  a  magnifying  glass,  between  the  point  of  the  arrow 
and  Neptune.  In  order  to  enable  the  reader  to  identify  the  brighter  stars  we  have 
marked  upon  the  plate  the  Greek  letters  by  which  they  are  known,  as  well  as  the 
right  ascension  and  declination  lines.  Toward  the  bottom  of  the  plate  is  the  fiira- 
iltar  group  of  the  Hyades  with  the  bright  red  star  Aldebaran  (a) .  At  the  top  of 
the  plate  are  the  bright  stars  C  and  fi.  The  latter  is  photographically  brighter 
than  Aldebaran.    The  course  of  Neptune  is  diagonally  across  the  plate.    At  pres- 
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PLATE  XI. 


Photograph  of  the  region  about  Neptune  in  Taurus;  taken  with  a  2^  inch 

camera  at  Goodsell  Observatory.  Nov.  7th,  1893; 

exposure  40  minutes. 
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cnt  the  planet  is  near  the  feather  end  of  the  arrow,  and  moring  Tery  slowly  to* 
ward  the  lower  right  hand  comer  of  the  plate.  After  March  20  it  will  move  to- 
ward the  upper  left  hand  comer  of  the  plate  until  Sept.  20,  when  it  will  be  a  Httle 
east  and  sooth  of  the  star  %,  After  that  time  it  will  again  move  westward  for  a 
few  months.  We  hope  that  this  plate  and  the  explanation  will  enable  many  ama> 
tems  to  be  sure  that  they  have  seen  Neptune. 


Planet  Tables  for  Pebrtaary. 


Date.  R.  A.  Dccl. 

1894.  h       m  •      ' 

Feb.       6 21  41.7  -  16  61 

16 22  40.2  -    8  18 

26 23  40.4  -    0  37 

Feb.      6 22  11.8  -    3  43 

16......21  40.6  ~    4  12 

26 21  28.2  -    6  00 

Feb.       5......17  36.5  -  23  28 

16 18  06.8  -  23  43 

26 18  86.2  -  23  37 

Feb.       6 3  20.0  + 17  34 

16 3  23  4  4-17  49 

25 3  28.0  +18  08 

Feb.      6 13  87.0  -    7  19 

16 13  36.6  -    7  13 

26 13  36.4  -    7  04 

Feb.      6 14  61.7  -  16  02 

16 14  62.0  -  16  04 

26 14  51.9  -16  03 

Feb.       6 4  37.8  +  20  34 

16 4  37.6  +  20  34 

26 4  37.6  +  20  36 

Feb.       6 21  17.8  -  15  46 

16 21  67.3  -  12  29 

26 22  35.5  -    8  53 


MBRCURY. 
Rises, 
li    m 

7  41  A.  M. 
7  36    " 
7  17     " 
VBNUS. 
7  19  A.  Iff. 
6  20    " 

6  26    " 
MAR8. 

4  09  a.m. 
4  01    " 
3  62    " 
JUPITBR. 

11  00  a.m. 
10  22    " 

9  46     " 
SATURN. 
10  56  p.m. 

10  16     '• 
9  36     " 

URANUS. 

12  51  A.  M. 
12  12    '• 

11  33  p.m. 
NBPTUNB. 

12  03  p.m. 
11  23     " 
10  4t    " 

THB  SUN. 

7  15  a.m. 
7  01    •« 

6  45    " 


Tnuieits. 
h       m 
12  38.1  P.  M. 
1  06.1     " 
1  17.9     " 

1  08.3  p.m. 
12  06.7    " 

11  06.2  A.M. 

8  32.6  a.m. 
8  23.6    " 
8  14.6    " 

6  15.6  p.m. 

5  39.6     •' 

6  04.9     «' 

4  30.8  a.m. 
3  51.0    '• 

3  10.5    " 

5  49.2  A.  M. 

5  10.1     ** 

4  30.7    *' 

7  33.0  p.m. 

6  53.5     •' 
6  14.2    *• 

12  14.3  p.m. 
12  14.3    '• 
12  13.2    " 


Sets, 
li   m 

5  36  p.m. 

6  36    •' 

7  19    " 

6  57  P.  M- 
5  54    " 

4  46    " 

12  66  p.m. 
12146    " 
12  37    •' 

1  32  a.m. 
12  57    " 
12  24    "J 

10  05  a.m. 
9  26     " 

8  46    " 

11  47  a.m. 

10  08    " 

9  28    " 

3  03  A.  M. 

2  24    " 
1  44    " 

5  14  p.m. 
5  28    " 

4  41    " 


Phaaee  and  Aapeota  of  the  Moon. 

Central  Time. 

d  h   m 

Apogee Feb.    1  4  00  p.  M. 

New  Moon '•      5  3  46  p.  M. 

First  Quarter "13  4  43  A.  M. 

Perigee "    17  3  18  p.  M. 

Full  Moon "19  8  17  P.  M. 

Last  Quarter "27  6  28  a.  M. 

Oocnltationa  Viaible  at  Ylwrnkington. 

IMMBRSION  BMBRSION 

Date               Star's           Masiil-   Wasbinff-  Ancle  Washing-  Aiifl;le 

1894.              Name.           tude.       too  ic  T.  f* m  N  pt.  ton  m.  t.  f'm  N  pt.  Dnratlon 

hm  *            hnt           *  hm 

Feb.  11    19Arietis. 6            6    49  76         8    02       226  1    13  . 

12    CArietis 5          11    13  97  12    07       237  0    54 

16    cGeminoruni...6          17    17  59  17    49       332  0    32 

20    <^Leonis. 4            9    56  162  10    58       277  1    03 
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Jupiter's  Satellites  for  Pebraary. 


Phases  of  the  Eclipses  of  the  Satellites  for  an  Inverting  Telescope, 


III. 


II. 


IV. 


No  Eclipse. 


Configuration  at  8^  for  an 

Inverting  Telescope, 

Day. 

West 

Bast. 

1 

3- 

O           •12- 

•4 

2 

.3 

2- 
•1 

C 

> 

•4 

3 

•3-2 

C 

>      1' 

4- 

4 

•1 

0 

•3    -2 

4- 

5 

01-2- 

4- -3 

6 

2. 

0 

4- 

3. 

•1# 

7 

4-    1- 

c 

)   3- 

'29 

8 

4- 

3- 

0 

•1      2- 

9 

4- 

•3 

1-2- 

0 

10 

4- 

•3    -2 
•1 

c 
o 

0 

1- 
•2 
1-2- 

11 

•4 

•3 

'30 

12 

•4 

13 

•4 

2- 

o 

3 

•1# 

14 

•4       !• 

•20 

3- 

16 

3- 

o 

•4  -1 

2- 

16 

3- 

1-    2- 

o 

•4 

17 

•3 

•2 

0 

•1 

•4 

18 

•1 

0-3        -2 

.4 

19 

c 

)     V2- 

•3 

•4 

20 

2-           1 

o 

•3 

4- 

21 

o  1- 

2  C 

)            3- 

4- 

22 

3- 

o 

•1 

•2  4- 

23 

O  2- 

3- 

1- 

04- 

24 

•3 

4- 
•2 

O 

•1 

25 

4- 

•1 

•30 

•2 

26 

4- 

O 

1-    2- 

•3 

27 

4- 

2-       .1 

O 

3- 

28 

•4 

•2 

Ol 

3- 

New  Asteroid  1893  AO.— This  was  discovered  by  Wolf  at  Heidelberg, 
on  a  photographic  plate  taken  Nov.  6.  Its  position  at  9*^  18<"  Heidelberg  M.  t. 
was  R.  A.  2^  19»;  Decl.  +  11**  22^.  Daily  motion  —  0.6"  in  R.  A.  and  —  2^  in 
Decl.    Magnitude  13. 
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Blong^tioiis  of  the  Satellites  of  Satttrn. 

(The  wCTtcm  eloacations  win  be  foond  approximately  half  waj  between  the  eastern 
and  other  positions  maj  be  eaidlj  interpolated.) 


Feb.     3 

5 
6 
7 
11 
12 
13 
14 
15 


MIMAS. 

h 

6.7  A.  M. 

5.3  •• 
3.9  " 
2.5  •• 
1.1  " 
6  9  •• 
5.5  " 
4.1  *• 

2.8  '* 

1.4  " 


15    midn. 
20      5.7 


21 
22 
23 
24    12.2 
Mar.    1      4.6 


4.3 
3.0 
1.6 


BNCBLADUS. 


Feb. 


2.4 
11.8 
8.2 
5.1 
19 


9    10  8 
10      7.7 


12 
13 


4.5 
15 


14    10  3 
16      7.2 


17 
19 


41 
1.0 


p.  M. 

A.  M 
P.  M. 
A.    II. 

P.  M. 
A.    M. 

P.    IC. 

f« 

A.  M. 
P.  M. 
A.   M. 


W 
W 
W 
W 
W 

E 
£ 
B 
B 
E 
B 
W 
W 
W 
W 
W 
B 


B 
B 
B 
B 
B 
B 
B 
B 
E 
B 
B 
E 
E 


BNCBLADUS  Cont. 

h 

Feb.  20      9  9  A.  u.  B 

21       6.7  p.  u.  B 

23  3.6  A.  M.  B 

24  12.5  p.  J€.  B 

25  9.4      "  E 

27  6.3  A.  M.  B 

28  3.1   P.  M.  B 


DIONB  Cont. 

h 

18 

1.1 

A. 

M. 

20 

68 

P. 

If. 

23 

12.5 

i 

II 

26 

6.1 

A. 

M. 

28 

11.8 

P. 

M. 

TETHYS. 


RHEA. 
Feb.    3      7.7  A.  M. 


Feb.  2 
4 
5 
7 
9 
11 


4.4  A.   J€« 

1.7  " 

11.0  P.  M. 

8.3  *• 

5.6  •' 

2.9  " 


13    12.2 

15 

17 


19 
21 


Feb. 


9.5  A.  If. 

6.8  •• 

4.1  " 

1.4  " 

22    10.7  P.  M. 

24      8.0  " 

26      5.3  •' 

28      2.6  " 


DIONB. 

3.1  p.  M. 

8.8  A.  M. 
2.4      " 

8.1  p.   M. 
1.8      " 

7.4  A.  M. 


1 
4 
7 
9 
12 
15 


B 
B 
E 
B 
E 
E 
B 
E 
B 
E 
B 
B 
B 
B 
B 


B 
B 
B 
B 
B 
B 


7 
12 
16 
21 
25 


8.0  P.  M. 

8.4  A.  M. 

8.8  P.  M. 

9.2  A.  M. 

9.6  P.  M. 

TITAN. 


B 
B 
B 
B 
B 


B 
B 
B 
B 
B 
B 


Feb.    4  6.0  p.  ir.  S 

8  12.9      "  B 

12  10.5  A.  M.  I 

16  2.0  p.  If.  W 
20  47  "  S 
24  11.2  A.  If.  B 
28  9.5  "  I 
HYPERION. 

Feb.    2  6  6  p.  M.  I 

8  3.2  A.  If.  W 

12  12.8  p.  M.  S 

17  4.7      "  B 
24  12  9  A.  M.  I 

Mar.   1  9.2      "  W 

lAPBTUS. 

Feb.  28      1.0  A.  M.  W 

Mar.  19      9.9  P.  M.  S 


Feb.    4 


h 

5 

11 

5  8 
10  00 

10  53 

11  29 

6  5  58 
9  29 

7  5  22 

5  49 

6  42 
8  18 

8  31 
10  41 

5  49 

7  25 

9  09 

12  10  36 

13  7  54 

14  6  24 

7  18 

8  25 


Phenomena  of  Jupiter's  Satellites. 

Central  Time. 


06  P.  M. 

I?  ■: 


9 
11 


III 
I 
I 
I 
I 

II 
I 
I 
I 

II 
I 

II 

II 

II 

II 

III 

III 

I 

I 

I 

I 

II 


Be.  Re. 
Oc.  Dis. 
Tr.  In. 
Sh.  In. 
Tr.  Bg. 
Tr.  In. 
Oc.  Dis. 
Be.  Re. 
Tr.  Br. 
Oc.  Dis. 
Sh.  Bg. 
Oc.  Re. 
Be.  Dis. 
Be.  Re. 
Sb.  Br. 
Be.  Dis. 
Be.  Re 
Tr.  In. 
Oc.  Dis. 
Sh.  In. 
Tr.  Br. 
Oc.  Dis. 


Feb. 


18 


h 

.14  8 
10 
11 

15  5 

16  5 
6 
8 
5 
7 

20  9 

21  7 
8 
9 

10 

22  7 

23  6 
8 
8 

25  5 
10 

28  8 
10 


m 

37  P.  M 

49  " 

07  " 
64     " 

61  '* 

05  " 

27  " 

54  " 

59  '* 
51  " 

00  " 
19  •• 

14  " 
33  " 

60  " 
07  •' 
31  " 
43  " 
18  •• 

01  " 
58  " 

15  " 


I 

II 

II 

I 

II 

II 

II 

III 

III 

I 

I 

I 

I 

I 

I 

II 

II 

II 

II 

III 

I 

I 


Sh.  Bg. 
Oc.  Re. 
Be.  Dis. 
Be.  Re. 
Tr.  Br. 
Sh.  In. 
Sh   Bg. 
Oc.  D&. 
Oc.  Re. 
Oc.  Dis. 
Tr.  In. 
Sh.  In. 
Tr.  Br. 
Sh.  Bg. 
Be.  Re. 
Tr.  In. 
Tr.  Eg. 
Sh.  In. 
Be.  Re. 
Oc.  Dis. 
Tr.  In. 
Sh.  In. 
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Approximate  Central  Standard  Times  when  the  Great  Red  Spot 
will  croee  the  Central  Meridian  of  Jupiter. 


Feb. 


h  m 

2 

1  20  A.  If. 

9  12  P.  M. 

4 

10  61  " 

6 

6  42  " 

7 

12  30  A.  M. 

8  21  P.  M. 

9 

2  09  A.  If. 

10  00  P.  M. 

.0 

6  52  " 

Feb. 


11 
12 
14 
14 
16 
17 
19 

21 


li  m 
11  39  p.  M. 

7  31     •' 

1  18  A.  M. 
9  10  p.m. 

10  49    " 
6  40    " 

2  28  A.  If. 

8  19  P.  M. 
2  06  A.  M. 


Feb. 


li  m 

21 

9  68  P.  M. 

22 

6  60  " 

23 

11  38  " 

24 

7  29  " 

26 

1  16  A.  M. 

9  08  P.  M. 

28 

2  66  A.  If. 

10  47  P.  M . 

Minima  of  the  Variable  Stars  of  the  Al^ol  Type. 

[OWcn  to  the  nearest  hoar  in  Centml  Standard  Time.] 


U  CEPHEI. 

K.  A 0»»  62-  32« 

Ded +81  *»  17' 

Period 2d  11»»60" 


Feb.  1 

9  a.  If. 

6 

8  •* 

11 

8  " 

16 

8  " 

21 

7  " 

26 

7  " 

ALGOL. 

R.  A 

3»  1»  V 

Ded 

+  420  32^ 

Period 

2cf20»»49« 

Feb.  11 

6  A.  If. 

14 

2  •• 

16 

11  P.  M. 

19 

8  •• 

S  CANCRI. 

R.  A 8*'  37»  39« 

Ded +  19<»  26' 

Period 9d  U^  38« 

Feb.    6         3  A.  M. 
26         2    " 

S  ANTLIi©. 

R.  A 9^  27-  30« 

Dec! -  28'*    09' 

Period Od  7^  47" 


S.  ANTLIi©  CoNT. 
Feb. 


22 
23 
24 
26 
26 
26 
27 
28 


10  P.  M. 
9  " 
8  " 
8  " 
3  a.  m. 

7  P.M. 

3  a.m. 
2  ** 


Feb. 


R.  CANIS  MAJORIS. 

R.  A 7^  14»  30- 

Dec\ —  16*>     11' 

Period Id   S^  16- 


Feb. 


Feb. 


3 

4 

6 

7 

11 

12 

13 

16 

20 

21 

23 

24 

28 


7  p.m. 
10     " 

2  a.m. 
6     •• 
6  p.  M. 
9     " 

midn. 
4  a.m. 

8  p.m. 

11    " 

2  a.m. 

6  a.m. 

7  p.m. 


1 

2 

2 

3 

3 

4 

6 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

14 

16 

16 

17 

18 

18 

19 

20 

21 


8  p.m. 
4  a.m. 

7  P.  M. 

3  a.  m. 

7  P.M. 
2  a.m. 

2  " 

1  " 

midn. 
«< 

11  P.  M. 
10  p.  M. 

10  " 

9  " 

8  *' 
8     " 

3  a.m. 
7  p.m. 
3  a.m. 

2  " 
2  " 
1     " 

midn. 
midn. 

11  p.  M. 
10     " 


R 


d  LIBRJB. 

R.  A 14>»  56»  06» 

Decl -     8<>06' 

Period 2</07»>61" 

Feb.     8         7  A.  M. 
16         6    " 
22         6    " 
U   COROHJB. 

A 16»»  13-  43* 

Decl +  32°  03' 

Period 3cfl0»»51» 

Feb.    7         9  p.  M. 
14         7     " 
18  6  A.  M. 

26         4     " 
U  OPHIUCHL 

R.  A ^.17»»  10«  66» 

Ded +  lo  20' 

Period Od  20*  08" 


Feb. 


3 

4 

8 

9 

14 

19 

24 

26 


6  a.m. 

2  " 
6  " 

3  " 

3  " 

4  •• 
6  " 
1  " 


Variable  Star  Observers.— I  have  corresponded  lately  with  the  follow- 
ing persons  who  are  obsenring  variables  or  who  wish  to  take  np  the  work  :— 

J.  D.  Dcvor,  Ist  Natl  Bank,  Elkhart,  Ind 3-inch  refractor. 

Geo,  M.  Brace,  High  School,  Bay  City,  Mich 4-inch  refractor. 

J.  C.  Sanford,  Marblehead,  Mass 4-tnch  refracton 

Mrs.  M.  B.  Travis.  Hampton,  N.  B Field  glass. 

J.  O.  Tiffany,  Attleboro,  Mass 6-inch  refractor. 

David  Flanery,  Memphis,  Tenn Opera  glass. 

H.  A.  Paskhurst. 
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ContpariMni  Stars  for  Variables  of  Lon^  Period.* 


T  Cabiopbls. 


Dm. 


B.A.1M0. 
h 


b... 
c... 

«... 
f.... 


i: 


k.. 
1... 


n.. 
c. 
p.. 

q., 
r.. 

•  .. 
t.. 
n.. 


b.. 
c. 
d.. 
«.. 
f... 


k... 
1.... 
m.. 
n... 
o... 
p... 
q... 
r... 
«... 
t... 
11... 


a., 
b.. 
c 
d.. 
«.. 
f... 


k...< 
1..... 
m... 
n.... 


39.6 
ai.2 

20.8 
20.6 

i8.o 
.8.3 
18.9 
20.5 
21.1 
16.1 

18.0 
18.3 

18.2 

17.7 
17.9 
18.0 
17.7 
17.8 
17.8 


Dce.l8M. 

o  / 

--54  41 

-.56  5 

--56  13 

"-54  56 

-S5  15 

--54  50 

--55  2 

--55  10 

--55  14 

--55  " 

--55  10 

--55  20 

--55  20 

-55  II 

--55  16 

--55  " 

--55  »3 

--55  14 

--55  " 

--55  13 

--55  U 


S.  Casiopblb. 


41.6 
1 1.4 
1 1.2 
44.3 
23.2 

^4.5 

7.0 

56.1 

12.7 

13.4 
1 1.6 

13.8 

X2.8 

13.0 
14.4 

12.2 
X2.9 
12.2 
II.8 
12.0 
12.9 
125. 

«-3 

SandT 

15.1 

14.6 

9.6 

11.4 

14.0 

14.3 
13.6 
15.9 

15.6 
15.6 


+  72  8 

--77  52 

--72  20 

--73  ' 

-  -  72  22 

--7a  24 

--71  58 

--7a  50 

--72  2 

--72  4 

+  72  la 

--7I  52 

--7I  50 

-.71  59 

--72  6 
--72 
--72 
--72 
--72 
--72 
--72 
--72 
+  7^ 
Pbksbi. 

--58  43 

--58  25 

58  7 


'I 

5 

6 

5 


n 

1 

.-58 

2 

::?! 

58 

2 

-.58 

«4 

--s» 

9 

..58 

4 

+  5« 

0 

6 

6 

7 

7 

8 

8 

8 

9 

9 
10 
10 

IX 

12 
12 
«3 
'3 
14 
14 
U 
»5 
var. 


6 

7 

I 

8 

8 

9 

9 
10 
10 
10 

IX 

II 
12 
12 
12 
13 
13 
14 
14 
15 
15 
var. 

8 

8 

8 

9 

9 

9 
10 
II 
II 
12 
12 
12 


Dec 


O.. 
p.. 
q.. 
r.. 
s.. 
S.. 
T. 


a., 
b.. 
c. 
d.. 
c. 
f... 


k.., 
1..., 
m.. 
n... 
o... 
p.., 
q... 
r.., 

8... 

t... 
ti... 


a., 
b.. 
c. 
d.. 

c 
f... 


k... 
1.... 
m.. 
n... 
o.., 
p... 
q... 
r... 
a... 
t.., 
u... 
R.. 


S  AND  T  Pbhsbi  Cont. 
Dm.  1000. 


B.A.tOOO. 
h  m 
..  2 
..  2 
..  2 
..  2 
..  2 
..  2 
..  2 


15.4 
15.8 

«5.9 

15.3 
15.6 

15.7 
12.2 


+  58 

--•;8 

--58 
..58 

-.58 
..58 
-.58 


R   AURIGiB. 


6.7 
21.8 

8.9 

8.7 
9.5 

9.8 
8.4 
9.8 

8.3 
8.9 
9.0 

H 
9.8 

9.6 
9.2 


R  Ltncis. 


53.1 
3.3 
5S.O 
56.9 
51.9 
53.9 
52.0 
54.0 

53.5 
51.6 
52.9 
51.8 

52.6 

53.a 
52.7 
52.8 
531 
53-3 
53.1 


o 

10 

6 

6 


29 


+  53  6 

--54  9 

--53  ao 

--54  4 

--53  M 

--53  35 

-f53  29 

--53  17 

--53  23 

--53  24 

--53  ao 

--53  30 

--53  19 

--53  34 

--53  29 

--53  29 

--53  28 

"53  38 

--53  a8 

+  53  29 


--54  59 

--55  47 

--54  19 

--55  52 

--55  53 

--55  15 

--55  45 

--55  10 

--55  30 

--55  34 

--55  32 

--55  a8 

--55  33 

--55  30 

--55  32 

--55  29 

"55  30 

--55  27 

--55  32 

--55  28 


R  IJRSiB  Majoris. 

a 10  34.8  -4-68  57 

b 10  38.2  +  67  56 

c 10  42.1  4-65  40 

d 10  56,8  --70  35 

e 10   1.7  --69  10 

f. ip  14.5  --69  26 

g 10  27.0  -f-69  13 


13 
14 

14 
15 

var. 
var. 


8 

9 

9 
10 
10 
II 
II 
II 

IS 

12 
"3 
13 
14 
14 
»5 
▼ar. 


8 

9 

9 
10 
10 
10 
II 
II 
12 
12 
12 
13 
14 
14 
14 
'5 
var. 

6 
6 
6 
7 
7 


*  See  Plate  accompanying  Mr.  Parkbnrtt'a  article  on  Variable  Stars. 
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Comparison  Stars. 


Dm. 

h.... 
k.... 

1 

m... 
n.... 
o.... 
p.... 
q.... 
r.... 

8.... 

t.... 

u.... 
w... 

X.... 

y.... 
a.... 
a... 
R... 


R  Ursa  Majoris  Coat^ 

K.  A.  1900  liec  ]»00. 


h 
,..IO 
...lO 

,..io 

,..IO 
...lO 
...lO 
...10 
...lO 
...lO 
...lO 
...lO 
...lO 
...10 
...10 
...lO 
...10 
...lO 
...lO 


m 

^i 

49.6 

27.7 
35.5 

3«.i 

40.5 
40.5 

37.7 
37.0 
37.6 
36.7 

^8.8 
38.2 
37.0 
37-9 
38.1 
37:6 


+  69 
--68 
-69 
--68 
-69 
--68 
-69 
-69 

--69 
-69 
-69 
-69 
-69 
-69 
-69 
-69 
+  69 


8 
28 

6 
54 

4 
48 

9 
22 
21 
17 
15 

11 

20 

19 
16 

19 
18 


T  Ursa  Majoris. 


a., 
b.. 
c 
d.. 
c. 
f... 


..12 
..12 
..12 
..12 
..12 
..12 

12 

12 

k 12 

1 12 

m 12 

n 12 

o 12 


254 
35-1 
34.5 
44.2 

35-9 

^'l 
32.8 

29.6 

34.0 

33.9 

34.3 

33.4 

33-9 


+  59  >9 

--61  26 

--61  34 

--61  22 

-60  s 

--60  18 

--59  46 

--60  17 

--  60  15 

--  60  10 

--60  4 

--59  52 

+  59  52 


Mag. 

8 

9 

9 

9 

9 
10 
10 
II 
II 
12 

12 
12 
13 
14 
14 
14 
>5 

var. 


7 

7 

8 

8 

8 

9 

9 

9 

10 

10 

10 

II 


Dm 


T  URSiB  Majoris  Cont, 
11.  A.  1000.         Dm.  1000. 


h       m 

p 12  34.8 

q 12  31.3 

r 12  32.8 

8 12  34.2 

t 12  32.1 

n 12  33.1 

w 12  32.2 

X 12  32.5 

y 12  31.9 

T 12  31.9 

S  Ursa 

a 12  38.7 

b 12  35.1 

c 12  34.5 

d 12  44.2 

e 12  35.9 

f. 12  36.4 

g "  37.7 

h 12  33.8 

k 12  40.2 

1 12  41.7 

m 12  40.6 

n 12  40.6 

o 12  41.2 

P 12  41.7 

q 12  41.4 

r 12  37.5 

8 12  40.2 

t 12  40.4 

U 12  40.2 

W 12  40.1 

S 12  39.6 


+  60 
--60 

--59 
--59 
-60 

--59 
--60 
--60 

--59 
+  60 


8 

4 
58 
59 

o 

59 
I 

2 

59 

2 


Majoris. 

--  61  42 

+  61  26 

--61  34 

+  61  22 

-60  s 

--61  22 

--61  25 

--61  12 

--61  15 

+  61  40 

+  61  33 

--61  44 

--61  33 

--61  32 

--61  36 

--61  36 

--61  39 

+  61  41 

+  61  41 

--  61  40 

--61  38 


PRACTICAL  SUGGESTIONS. 


Mas. 

12 
12 
12 
13 
14 
14 
14 
15 
15 

var. 

6 

7 

7 

8 

8 

9 

9 
10 
10 
10 
II 
12 
12 
12 

n 
13 
14 

15 

var. 


Persons  interested  are  requested  to  remember  this  comer  and  to  write  briefly 
and  frequently  for  it. 

10.  In  the  answer  to  s.  6.  s.  in  December  issue  it  is  stated  *'  that  a  central 
2-inch  area  of  a  high  class  objective  should  do  better  work  than  the  whole  of  a 
3-inch  high  class  objective  is  utterly  impossible.  The  only  thing  that  it  would  in- 
dicate is  that  there  is  something  wrong  with  the  3-inch  objective." 

This  is  explicit  and  satisfactory  so  far  as  it  goes,  but  does  not  exhaust  the 
query  as  the  present  writer  interprets  it  and  would  be  pleased  to  see  it  answered. 

The  following  does  better,  but  scarcely  reaches  the  core,  except  possibly  by 
implication.    "  Diaphragms  will  not  improve  a  first  class  obje<ctive." 

The  point  i8  this :  Does  the  peripheral  portion  of  the  spherical  surfaces  of  a 
high  class  objective  do  as  good  work  as  an  equal  area  of  the  central  portion  of 
the  same  glass  ?  w.  b.  h. 

11.  Would  an  objective  be  rated  first  class  if  by  using  diaphragms— first  an 
annular,  then  a  central  one— it  is  ascertained  that  the  central  portion  of  the  glass, 
amounting  to  less  than  a  third  of  the  entire  area,  does  better  work  than  the  re- 
maining portion— the  peripheral— constituting  more  than  two  thirds  the  area  of 
the  whole  spherical  surface  ?  w.  b.  h. 
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12.  Inasmtich  as  celestial  photography  discloses  the  existence  of  myriads  of 
stars  too  minute  to  be  seen  with  the  aid  of  the  largest  telescope,  whj  is  it  that  a 
SV^inch  refractor  in  the  possession  of  the  writer,  giyes  a  better  or  more  distinct 
View  of  Innar  scenery— craters  in  particular — than  the  best  photographs,  assum- 
ing as  a  fair  sample  the  one  taken  at  the  Goodsell  Observatorj,  and  found  in  the 
frontispiece  of  Popular  Astronomy  for  September?  w.  b.  h. 

Answer,  The  great  difference  in  the  brightness  of  the  features  of  the  lunar 
surface  makes  it  difficult,  if  not  quite  impossible,  to  bring  out  on  the  same  nega- 
tive, all  the  minute  details  that  can  be  seen  in  a  small  telescope.  If  the  exposure 
is  timed  for  the  mountains  and  bright  table  lands  and  streaks,  then  the  details  of 
the  seas  and  valleys  will  be  lost.  If  the  exposure  is  made  longer  so  as  to 
get  detaOs  in  the  darker  portions,  then  the  brighter  parts  will  be  over  exposed 
and  appear  on  the  plate  as  simple  patches  of  confused  light.  It  is  a  difficult  task 
to  divide  the  time  rightly  between  these  extremes  of  light  and  shade  and  get  the 
best  results  for  both.  If  the  photographer  had  either  phase  alone  to  deal  with, 
he  would  quickly  show  us  astonishing  results  in  lunar  photography  as  has 
already  been  done  repeatedly  in  stellar  exposures. 

When  the  different  parts  of  a  landscape,  for  example,  are  so  related  that  the 
brighter  parts  may  be  covered  during  a  part  of  the  time  that  the  darker  ones  are 
exposed,  the  details  of  all  parts  of  the  view  may  sometimes  be  well  secured  in  this 
way.  It  would  be  difficult  to  apply  such  a  method  to  the  Moon.  The  best  re- 
sults at  Goodsell  Observatory  in  photographing  the  moon  were  secured  Dec.  22, 
1893.  when  it  was  within  a  few  minutes  of  the  full  and  was  passing  the  meridian 
and  was  also  within  nearly  13*^  of  the  zenith.  The  image  was  about  3%  inches 
in  diameter  and  the  exposure  was  one-half  second.  The  picture  is  an  excellent  one 
and  win  soon  be  reproduced  for  these  pages. 

12.  An  interested  reader  of  these  suggestions  says,  the  answer  by  j.  a.  b.  to 
query  No.  5  was  a  revelation  to  him,  andthat  he  was  glad  to  learn  that  solid  eye- 
pieces give  nearly  one  ** third  more  light"  than  the  Huygenian  ones  do.  He 
nirther  adds  that  he  is  tempted  to  order  two  or  three  at  once  if  they  are  not  too 
expensive.    Possibly  j.  a.  b.  will  give  the  price  of  this  kind  of  eyepiece. 


GBNBRAXr  NOTBS. 


The  publication  will  hereafter  be  issued  before  the  first  day  of  the  month  for 
which  it  is  dated. 


So  many  subscribers  kindly  responded  to  our  request  last  month  for  the 
names  of  persons  interested  in  astronomy  that  the  request  is  continued.  See  first 
page  of  advertisements. 

Optical  GlaJNi*~Mr.  J.  A.  Brashear's  series  of  articles  on  optical  glass  be- 
gins in  this  number.  In  our  next  he  will  present  a  number  of  illustrations  show- 
ing how  the  great  40-inch  disc  belonging  to  the  Yerkes  telescope  of  the  University 
of  Chicago,  was  worked  from  the  original  lump  of  glass.  The  nine  photographs 
were  presented  to  Mr.  Brashear  by  Mantois  of  Paris.  They  will  make  one  of  the 
most  interesting  plates  yet  published. 

Variable  Stars  of  Long^  Period*— The  neat  lithographic  plate  of  varia- 
ble  stars  of  long  period  accompanying  Mr.  Parkhurst's  article  is  furnished  by 
kindness  of  Professor  B.  C.  Pickering  of  Harvard  College  Observatoty.  Another 
like  it  win  soon  follow.  

ProfemMMT  Proctor's  Monitment.— Miss  Maty  A.  Proctor,  daughter  of 
Professor  Richard  A.  Proctor  has  recently  furnished  us  with  data  for  a  sketch  of 
his  usefal  and  very  busy  life.    Beautifnl  plates  will  accompany  the  brief  article. 
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Contributors  will  please  bear  in  mind  to  make  articles  brief  for  space  ereiy 
month  seems  to  be  in  good  demand.  Prom  three  to  five  printed  pages  is  a 
ftur  average  length  for  ordinary  articles.  The  g^eat  variety  desired  for  every 
issne  is  the  reason  for  this  request. 

Yimualizing  the  Barth's  Motion*— In  the  December  issue  of  Populak 
AsTROKOMY,  Bliza  A.  Bowen  shows  how  the  Barth*s  revolatioa  may  be  made 
manifest  to  the  eye.  The  following  is  a  simple  method  of  rendering  its  rotation^ 
also  visible:  Place  on  the  floor  of  a  room  free  from  tremors  and  air  currents,  a 
good  sized  bowl  nearly  filled  vrith  water  and  sprinkle  over  the  surface  of  the  wa- 
ter an  even  coating  of  lycopodium  powder,  and  across  this  make  a  narrow  black 
line  of  pulverized  charcoaL  Place  the  bowl  so  that  the  black  line  shall  coincide 
with  a  crack  in  the  floor,  or,  if  the  room  be  carpeted,  lay  a  stick  upon  the  floor 
exactly  parallel  with  the  mark.  After  a  few  hours  it  will  be  found  that  the  line  is 
no  longer  parallel  with  the  stationary  object,  but  has  moved  from  east  to  west 
proving  that,  during  this  interval,  the  Earth  has  moved  from  west  to  east. 

The  reason  appears  to  me  to  be  that  the  solid  floor  has  with  the  Barth  and 
bowl  moved  from  west  to  east,  and  so  has  the  water,  also,  but  at  a  slower  rate, 
as  there  is  a  slight  inertia,  of  which  the  yielding  liquid  does  not  instantly  partake, 
to  be  overcome.  It  will  be  seen  that  the  Hne  or  charcoal  mark  always  moved 
from  east  to  west.  L.  Swift. 

Naked-Bye  Observations  of  Jnpiter.— When  the  Opposition  of  Jupiter 
has  passed  there  remains  much  interesting  work  for  the  naked-eye  observer  im 
watching  the  proper  motions  of  the  planet  so  long  as  it  is  visible. 

But  he  should  be  warned  in  regard  to  the  apparent  motion  of  the  planet 
(L)  This  is  the  daily  apparent  movement  from  the  eastern  to  the  western  hori- 
zon, causing  the  planet  to  rise  daily  above  the  eastern  horizon  and  to  set  behind 
the  western,  as  do  tlie  Suo,  Moon  and  stars.  This  apparent  movement  is  due  to 
the  Earth's  rotation  upon  its  axis.  (II.)  This  is  the  apparent  motion  from  the 
eastern  to  the  western  horizon,  detected  by  watching  the  planet  for  some  weeks 
at  the  same  hour  of  the  night,  thus  throwing  out  the  efiect  of  the  Earth's  daily 
motion.  This  apparent  motion  is  due  to  the  Earth's  revolution  round  the  Sun. 
The  fixed  stars  have  the  same  apparent  movement,  except  that  Jupiter's  real  mo- 
tion retards  a  little  the  apparent  movement  due  to  the  Earth's  revolution.  AU 
these  movements  to  and  from  the  horizon  are  to  be  disregarded. 

The  planet's  real  or  proper  motion,  which  is  the  chief  object  of  attentfon  is  in- 
dicated by  its  change  of  place  among  the  fixed  stars.  Whenever  it  crosses  a  line 
joining  two  other  stars  on  the  same  or  opposite  sides  of  it,  its  molion  becomes  ev- 
ident at  once  by  the  making  or  breaking  of  the  line.  It  often  forms  with  other 
stars,  regular  figures,  triangles,  diamonds,  etc  ,  and  any  variation  in  the  regular- 
ity of  the  figure  makes  the  movement  quickly  evident. 

(in.)  But  the  inexperienced  observer  will  be  surprised  to  find  that  Jupiter  is 
now  moving  apfiarently  west,  not  east.  This  is  apparent,  and  lasts  for  sixty 
days  before  ana  sixty  days  after  opposition,  when  the  planet  seems  to  become  sta- 
tionary for  about  two  weeks,  after  which  we  can  plainly  see  that  it  is  moving 
eastward.  This  is  an  apparent  movement  precisely  similar  to  that  which  takes 
place  when  a  faster  walker  overtakes  and  passes  a  slower  walker  bound  in  the 
same  direction  as  himself.  It  takes  place  near  opposition  only,  because  only  then, 
the  Earth  and  planet  move  towards  the  same  quarter  of  the  heavens.  Their  di- 
rection of  revolution  is  always  the  same.  b.  a.  b. 

Errata  in  December  number- 
Page  165,  line  16  from  top,  for  ft  Cassiopeifie,  read  B  Cassiopeie. 
Page  167,  Hne  10  from  bottom,  for  Nov.  1,  read  Nov.  16. 
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GLASS  FOR  OPTICAL  INSTRUMBNTS  WITH  BSPBCIAL 
RBPBRBNCB  TO  TBLBSCOPB  OBJBCTIVBS.* 


J.  A.  BRASHBAR.f 


After  all  the  imperfections  that  can  be  reached  in  the  block  of 
glass  are  ground  ont,  it  is  then  ready  to  be  moulded  into  the  pro- 
per shape. 

Through  the  kindness  of  Mr.  Mantois  of  Paris,  I  have  the 
pleasure  to  present,  in  picture  form,t  a  photographic  history  of 
the  40-inch  crown  disc  for  the  Yerkes*  telescope. 

No.  1  shows  the  block  of  glass  obtained  unbroken  from  the 
pot  on  the  26th  of  January,  1888. 

No.  2  shows  the  block  after  the  gross  imperfections  had  been 
sawn  off.  It  was  in  this  condition  when  I  saw  it  later  on  in  the 
year.    It  then  weighed  240  kilos  or  about  525  pounds. 

No.  3  shows  the  one  side  of  the  block  after  its  first  moulding 
into  a  decagonal  or  ten  sided  shape.  No.  4  shows  the  opposite 
side. 

After  this  moulding  it  was  again  polished  and  studied,  and  im- 
purities detected  that  had  to  be  ground  away.  The  pictures  5 
and  6  show  opposite  sides  of  the  decagon  after  this  second  reduc- 
tion of  the  material. 

Nos.  7  and  8  show  still  further  cutting  and  Pig.  9  the  finished 
disc. 

These  manipulations  required  months  of  labor,  with  the  result 
of  producing  a  very  fine  disc,  although  it  can  be  readily  seen 
what  a  large  amount  of  mataial  had  to  be  ground  away  before 
it  was  finally  softened  into  disc  form  and  annealed. 

In  the  case  of  discs  above  six  inches  diameter  the  mould  is  so 

made  as  to  give  one  side  of  the  crown  a  conyex  curve  and  one 

side  of  the  flint  a  concave  curve  of  the  approximate  radius  to  be 

used  in  the  finfd  grinding  and  polishing;  indeed  in  the  case  of 

laige  discs  this  is  very  necessary,  as  it  allows  a  larger  disc  to  be 

made  of  a  certain  weight  of  glass,  as  well  as  expedites  the  work 

of  roughgrinding, 

*  Coatfamed  from  Jsnoiiiy  Hnmherp  p.  32A. 
t  Optipisiir  AQcgfaeny,  Pcnn. 
t  9tt  frontbpieee  opposite. 
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For  moulding  discs  of  considerable  diameter,  the  mould  i» 
made  in  three  parts ;  a  flat  bottom,  and  two  half  rings  which 
are  fastened  together  by  a  wire  around  the  outside  and  set 
loosely  on  top  of  the  flat  base.  The  mould  is  then  smeared  over 
with  gum  arable  or  other  sticky  substance  and  pulverized  chalk 
dusted  over  the  ring  and  bottom  so  that  the  softened  glass  will 
not  adhere.  This  mould  is  now  placed  in  a  specially  prepared 
furnace,  the  lump  or  block  of  glass  placed  in  it  and  then  covered 
over  with  a  specially  prepared  cover  so  that  the  flame  cannot 
reach  it  direct,  as  this  would  mean  the  destruction  of  the  block 
of  glass.  The  annealing  furnace  should  be  circular,  if  the  disc  is 
circular,  but  all  the  furnaces  that  I  have  seen  are  rectangular  in 
shape  except  a  small  one  built  by  Mr.  Clark  for  softening  down 
and  annealing  waste  pieces  of  optical  glass,  but  Mr.  Feil  and  his 
successor,  Mr.  Mantois,  surround  the  mould  with  a  circle  of  fire 
brick  so  as  to  allow  for  a  symmetrical  heating  and  cooling  of  the 
glass.  The  temperature  of  the  furnace  is  now  slowly  and  care- 
fully raised,  otherwise  the  block  of  glass  would  fly  to  pieces  and 
be  ruined.  The  temperature  is  raised  only  high  enough  to  gently 
soften  the  glass  until  it  drops  down  and  fills  up  the  mould.  The 
cover  can  be  raised  from  time  to  time  to  watch  the  progress  of 
the  softening  and  to  tell  when  the  disc  is  ready  for  the  annealing. 
When  the  optical  glass  maker  places  his  products  in  the  highest 
class,  the  crown  and  flint  for  an  objective  are  always  made  in  the 
shape  of  discSy  but  a  great  deal  of  optical  glass  is  made  in  rect- 
angular plates  in  which  case  many  can  be  annealed  at  once.  In 
the  case  of  discs,  they  are  usually  polished  on  the  faces,  examined 
carefully  and  if  found  satisfactory  the  glass  maker  warrants  such 
discs  to  the  purchaser,  and  if  he  is  not  satisfied  with  them  they 
can  be  returned.  Plates  are  polished  on  two  opposite  edges  only, 
and  after  examination  are  placed  in  first  and  second  classes. 
Third  class  pieces  are  not  polished. 

But  to  return  to  the  annealing  of  the  disc  in  the  furnace.  This  is 
one  of  the  most  difficult  of  all  the  operations  of  the  glass  maker, 
for  upon  the  successful  annealing  of  a  disc  of  glass  depends  much 
of  its  value  for  an  objective.  The  simplest  definition  of  annealing 
is  that  the  conditions  are  such  during  the  process  of  cooling  that 
every  atom  of  glass  may  be  permitted  to  assume  a  natural  and 
unstrained  condition  with  every  one  of  its  neighboring  atoms. 
If  the  glass  is  cooled  so  slowly  that  this  condition  is  assured,  we 
have  a  disc  that  quickly  tells  its  own  story  when  tested  by  prop- 
er optical  means,  but  if  the  cooling  be  too  rapid,  or  irregular, 
or  one  sided,  the  annealing  is  imperfect,  the  glass  is  left  in  a  state 
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of  regular  or  irregular  strain  and  is  more  or  less  unfitted  for  use 
in  optical  instruments. 

As  soon  as  the  glass  has  softened  down  into  the  shape  of  the 
mouldy  the  temperature  may  be  brought  down  rapidly  to  within 
a  certain  limit  which  is  perhaps  not  far  from  1100  or  1200  de- 
grees Fahrenheit,  or  say  one  or  two  hundred  degrees  above  the 
point  of  incandescence.  At  this  point  the  furnace  must  be  closed 
tight,  every  avenue  for  the  air  to  get  in  or  out  being  luted  with 
clay. 

Then  comes  the  difficult  task  of  lowering  the  temperature  so  as 
to  allow  the  particles  of  glass  to  arrange  themselves  kindly  vrith 
one  another.  Various  methods  have  been  adopted ;  massive  brick 
work  in  the  construction  of  the  annealing  furnaces  so  as  to  allow 
of  slow  and  regular  cooling,  automatic  pyrometers  which,  at- 
tached to  clock  work,  regulate  the  decrease  of  the  temperature; 
annealing  finally  in  massive  copper  moulds  placed  in  the  center  of 
the  furnace,  etc.,  etc.,  but  all  having  the  same  end  in  view,namdy, 
a  regular  and  slow  cooling  of  the  glass. 

Quite  often  imperfections  are  found  in  the  annealed  discs  which 
must  be  ground  out,  and  the  disc  reannealed  a  second  and  even 
a  third  time,  but  in  prolonged  or  repeated  annealing,  glass  has  a 
tendency  to  de vitrify,  i.  e.,  lose  its  transparency  and  become 
semi-opaque.  The  writer  has  seen  some  beautiful  discs  mined  in 
this  way,  one  of  which  was  about  30  inches  in  diameter.  In  an- 
nealing large  discs  this  risk  is  very  great,  particularly  when  the 
process  has  to  be  repeated. 

After  the  fumcure  has  cooled  Aoyhx  nearly  to  the  temperature  of 
the  outside  air,  the  discs  or  plates  may  be  safely  removed. 

It  would  be  impossible  in  the  space  at  our  command  to  go  into 
the  minutiae  of  this  subject,  but  we  will  be  pleased  to  answer  any 
inquiries  through  the  columns  of  this  journal. 

In  our  next  paper  we  will  give  the  various  methods  of  testing 
optical  glass. 


HOW  TO  PDa>  THE  ORBIT  OP  A  DOUBLE  STAR  BY  A 
GRAPHICAI^  METHOD. 


&  W.  BUBNHAM. 


The  graphicaljmethod  of  finding  the  elements  of  the  orbit  of  a 
binary  star  Mas  some  very  material  advantages  over  any  other. 
IS'  measures  of  the  angles  and  distances  were  absolutely  exact, 
then  iht  analytical  method  would  be  j[>erliapB  better  than  any 
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other,  because  these  positions  could  be  represented  by  one,  and 
onjy  one  ellipse  which  would  mark  the  apparent  path  of  the  com- 
panion star.  There  would  be  no  room  for  the  exercise  of  the 
judgment  of  the  investigator.  He  would  have  nothing  to  do  but 
determine  by  direct  and  positive  means,  mathematically  or  other- 
wise, the  ellipse  which  would  exactly  pass  through  the  points 
found  by  observation.  In  practice  this  can  never  be  done.  AU 
observations  are  more  or  less  in  error.  Everything  depends  on 
the  skill,  and  the  experience  of  the  observer.  If  he  has  devoted 
his  life  to  the  use  of  the  micrometer  in  double  star  work,  and 
made  everything  else  in  the  line  of  observation  with  the  telescope 
of  secondary  importance,  then  his  measures  are  entitled  to  the 
greatest  confidence,  and  to  the  highest  weight.  One  set  of  meas- 
ures by  such  an  observer  is  of  more  value  than  the  best  that  half 
a  dozen  observers  can  do  who  divide  their  time  and  interest  in  as 
many  different  subjects.  It  is  hardly  necessary  to  mention  the 
names  of  the  Struves  and  of  Dembowski  as  most  illustrious  ex- 
amples of  devotion  and  consistency  in  following  for  a  long  series 
of  years  a  single  line  of  research.  The  value  of  such  work  will 
endure  for  all  time.  Baron  Dembowski  confined  his  attention 
wholly  for  thirty  years  to  the  measurement  of  double  stars ;  and 
acquired  a  most  remarkable  skill  in  the  use  of  the  micrometer. 
In  my  judgment,  no  astronomer  living  or  dead,  can  rank  with 
Dembowski  as  an  observer  with  this  instrument.  It  is  the  re- 
ward, which  comes  from  the  efforts  of  one,  perhaps  naturally 
gifted  for  the  work,  who  preferred  to  devote  all  his  time  and  ener- 
gies to  one  subject,  and  to  the  absolute  exclusion  of  every  other. 

I  do  not  wish  to  be  understood  as  instituting  any  comparison 
as  to  the  relative  importance  of  this  and  other  departments  of 
astronomical  research;  but  only  to  call  attention  to  the  impor- 
tance of  selecting  at  the  outset  some  one  line  of  practical  work 
with  the  telescope,  and  then  keeping  that  paramount  to  th^  end. 
In  these  days  of  remarkable  progress  and  discovery,  no  astrono- 
mer, however  zealous  or  gifted,  can  divide  his  energies  in  several 
dififerent  directions,  and  accomplish  much  in  any  one.  The  way 
to  the  front  is  a  long  one,  and  there  is  no  royal  road.  A  life-time 
is  much  too  short. 

These  remarks  are  pertinent  only  by  way  of  pointing  out  the 
fact  that  in  finding  the  orbit  of  a  double  star,  we  have  to  deal 
with  all  sorts  of  material,  and  some  of  it  of  very  indiflferent 
qwaMtf.  The  value  of  the  restdt  will  largely  depend  upon  the  exr 
ercise  of  sound  judgment  and  common  sense  in  deciding  what,  to 
do  with  observations  more  or  less  inconsistent  with  ^^ch  otho:. 
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No  manipalation  of  figures  by  the  use  of  elaborate  mathemati- 
cal formate,  no  application  of  the  method  of  least  sqaares,  or 
other  refinements  of  investigation  will  take  the  place  of  these 
qualities  so  necessary  in  the  solution  of  other  everyday  problems. 
To  proceed  in  this  manner  intelligently,  it  is  necessary  to  have  a 
certain  familiarity  with  the  skill,  experience,  instrumental  facili- 
ties, etc.,  of  the  different  observers,  in  order  to  give  each  measure 
used  its  proper  bearing. 

It  should  not  be  inferred  from  these  remarks  that  double  star 
measures  are  in  any  wise  inferior  to  other  observations  with  any 
-instrument;  but  it  must  be  borne  in  mind  that  the  unavoidable 
errors,  quantities  so  small  that  they  are  wholly  insensible  in 
themselves,  bear  a  large  ratio  to  the  whole  distance  measured. 
The  mean  distance  of  the  components  of  nearly  every  rapid 
binary  known  does  not  exceed  V%  and  in  many  cases  this  quan- 
tity is  less  than  O'^.S,  and  yet  a  distance  of  C.l,  which  can 
scarcely  be  appreciated  with  common  powers  even  in  the  largest 
telescope,  bears  a  very  considerable  relation  to  the  whole. 

The  graphical  method  of  finding  the  elements  of  the  orbit, 
strictly  speaking,  has  not  been  used  until  within  the  last  half 
dozen  years.  Hefschel  devised  a  plan  which  he  called  by  this 
name,  and  it  has  been  varied  and  elaborated  by  other  writers 
since  that  time.  This  method  to  some  extent  was  a  combination 
of  the  mathematical  and  the  graphical,  but  it  sacrificed,  as  the 
other  so-called  graphical  methods  have  done,  all  the  special  ad- 
vantages of  the  latter  by  the  adoption  of  artificial  positions  for 
the  real  measures,  and  then  building  a  superstructure  upon  that 
imaginary  foundation.  These  artificial  positions  were  obtained 
by  laying  down  the  angles  and  distances  on  square-ruled  paper, 
and  drawing  what  was  called  an  interpolating  curve  through 
these  positions,  which  when  done  with  proper  care  was  supposed 
to  represent  the  real  positions  better  than  the  measures  them- 
selves. Then  these  new  positions,  as  thus  corrected,  were  laid 
down  and  the  apparent  ellipse  drawn,  from  which  the  various 
elements  were  determined  by  methods  partly  graphical  and 
partly  analytical.  The  objection  to  this  and  all  similar  plans  is, 
that  the  basis  upon  which  the  whole  investigation  must  neces- 
sarily rest,  the  actual  measures  themselves,  is  entirely  lost  sight 
of,  and  the  subsequent  steps  may,  and  generally  do,  rest  upon  a 
more  or  less  erroneous  assumption.  It  is  certain,  it  seems  to  me, 
that  nothing  can  be  better  to  deal  with  than  the  real  observa- 
tions as  they  were  made,  since  one  can  then  proceed  intelli- 
gently with  all  the  data  before  him.    If  it  be  true  in  any  instance 
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that  the  actual  measures  cannot  be  thus  used  to  give  the  best  re- 
sult, it  follows,  as  a  matter  of  course,  that  it  would  be  better  not 
to  use  them  at  all. 

It  is  necessary  to  have  a  considerable  arc  described  by  the 
measures  in  order  to  get  even  an  approximate  orbit.  Under  no 
circumstances  will  an  arc  of  90°  be  sufficient.  One  may  as  well 
guess  at  the  period  without  making  even  a  figure,  upon  the  as- 
sumption that  the  angular  motion  will  on  the  average  continue 
to  be  the  same  for  the  whole  revolution,  as  to  go  through  the 
most  elaborate  analytical  investigation.  The  fact  is  that  a 
variety  of  ellipses,  differing  widely  from  each  other  in  area,  ec- 
centricity, etc.,  and  sometimes  circles  and  other  conic  sections, 
will  represent  in  these  short  arcs  the  best  observations  we  ever 
have  as  well  as,  and  not  unfrequently  better  than,  the  particular 
ellipse  found  by  the  most  laborious  process.  In  other  words,  the 
problem  is  an  indeterminate  one,  and,  so  far  as  any  one  can  say 
from  the  given  data,  no  one  of  several  hypotheses  is  more  likely 
to  be  correct  than  the  others.  Such  cases  should  be  left  for  as- 
tronomers of  the  future  to  deal  with  when  the  proper  material 
has  been  furnished  by  observers.  It  is  not  often  that  even  an  arc 
of  180°  is  sufficient.  The  distances  may  be  such  that  the  limit  of 
the  apparent  ellipse  is  well  defined,  but  this  is  not  often  the  case. 
As  a  rule  we  should  have  not  less  than  225°  for  the  difference  of 
the  extreme  position-angles,  and  in  the  projection  of  some  orbits 
270"*  is  none  too  much.  In  all  cases  the  arc  must  be  large  enough 
to  define  within  very  narrow  limits  the  dimensions  of  the  ap- 
parent ellipse. 

The  Measures. 

All  the  measures  should  be  carefully  collected  from  original 
sources,  and  arranged  in  chronological  order,  with  the  name  of 
the  observer,  and  the  number  of  nights  of  which  each  set  is  a 
mean.  It  is  desirable  to  have  this  list  complete,  but  it  by  no 
means  follows  that  all  the  measures  should  be  used.  It  will  be 
obvious  from  an  inspection  of  the  tabular  arrangement,  even  if 
the  pair  is  an  easy  one,  that  some  of  the  measures  are  erroneous, 
and  too  poor  to  be  of  any  use.  Generally  speaking  such  observa- 
tions will  be  where  one  would  naturally  look  for  them,  in  the 
work  of  comparatively  inexperienced  observers.  Single  observa- 
tions—that is,  measures  on  one  night— are  always  to  be  regarded 
with  suspicion,  since  they  may  be  affected  with  accidental  errois 
of  reading  the  micrometer,  etc.  Each  set.  of  measures  should  be 
a  mean  of  not  less  than  three  nights'  observations.    It  goes  with- 
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out  saying  that  the  best  result  will  be  obtained  by  the  use  of 
the  good  material  only.  To  attempt  to  divide  up  the  errors, 
upon  any  theory  of  weights  or  otherwise  among  all  the 
observations,  good,  bad  and  indifferent,  simply  because  they 
happen  to  be  on  record,  is  illogical  in  theory,  and  unsound  in 
practice.  No  double-star  observer  has  ever  lived,  and  probably 
never  will,  who  has  not  made  measures  under  some  circumstances 
which  any  one  acquainted  with  the  subject  would  be  justified  in 
rejecting  at  once. 

When  two  or  more  sets  of  measures  in  the  same  year  are  to  be 
used,  a  simple  mean  is  usually  taken,  and  that  used  instead  of  the 
measures  in  detail.  It  is  very  important  for  a  clear  understand- 
ing of  the  diagram,  that  it  should  not  be  confused  with  unneces- 
sary lines  and  positions. 

The  measures  of  the  pair  to  be  investigated  having  been 
collected,  the  next  step  is  to  lay  the  selected  positions  down  on 
paper.  This  should  be  done  on  a  scale  sufficiently  large  so  that 
they  can  be  accurately  put  down,  and  the  subsequent  measure- 
ments made  with  all  necessaty  exactness.  In  a  general  way  the 
scale  should  be  such  that  the  major  axis  of  the  final  ellipse  will  be 
at  least  eight  or  ten  inches  long.  In  close  pairs,  C.l  would  rep- 
resent one  or  two  inches.  For  this  purpose  a  semi-circular  pro- 
tractor with  arm  and  vernier  reading  to  tenths  of  degrees  or  less 
will  be  necessary  for  the  laying  down  of  the  position-angles ;  and 
a  standard  rule  twelve  or  fifteen  inches  in  length,  divided  into 
tenths,  with  a  thin  beveled  edge,  for  laying  down  the  distances. 
Having  selected  a  sufficiently  large  sheet  of  plain  drawing  paper 
two  lines  are  accurately  drawn  across  it  at  right  angles  to  each 
other,  to  represent  the  four  quadrants,  and  the  extremities  of 
these  lines  are  marked  0°,  90°,  180°  and  270°.  With  the  protrac- 
tor  accurately  centered  at  the  intersection  of  these  lines,  and  the 
quadrants  made  to  coincide,  the  several  position-angles  are  laid 
down;  and  lastly  the  respective  distances  in  close  pairs  to  the 
nearest  hundredth  of  a  second,  on  these  lines  or  their  continua- 
tions. We  now  have  a  series  of  positions  lying  probably  on  both 
sides  of  any  ellipse  which  can  be  drawn  to  represent  them. 
The  scale  of  distances  used  should  be  put  on  the  drawing  so  that 
it  may  be  reduced  with  the  orbit  if  it  should  be  desired  to  do  this 
subsequently  in  the  camera. 

The  Ellipse. 

We  now  come  to  the  most  difficult  part  of  the  whole  operation, 
and  that  is  to  draw  the  ellipse  which  shall  represent  the  observa- 
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tions  as  perfectly  as  possible,  giving  due  preference  to  those 
which  under  all  the  conditions  are  entitled  to  the  most  weight, 
and  at  the  same  time  make  the  areas  approximately  proportional 
to  the  times. 

At  first  sight  this  looks  like  a  very  hard  thing  to  do,  but  with 
some  practice  in  this  direction,  one  can  at  the  first  attempt,  from 
an  inspection  of  the  figure  as  a  whole,  fix  the  foci  of  the  trial  el- 
lipse so  that  the  subsequent  changes  will  be  small  in  amount.  It 
is  not  necessary  to  actually  draw  an  ellipse  on  the  paper  until  the 
major  axis  and  the  eccentricity  have  been  roughly  determined  by 
passing  a  point  around  where  the  boundary  of  the  figure  would 
be,  and  watching  its  path  through  the  several  positions. 

I  have  experimented  a  great  deal  with  all  the  devices  for  draw- 
ing ellipses,  and  will  say  briefly  that  so  far  as  I  know,  no  instru- 
ment has  ever  been  made  which  is  of  any  practical  use  for  de- 
scribing ellipses.  All  the  appliatices  for  this  purpose  are  too 
limited  in  their  application  to  be  of  any  value.  A  practical  ellip- 
sograph should  describe  anything  between  a  circle  and  a  straight 
line,  and  with  any  value  for  the  major  axis  up  to  the  limit  of  the 
instrument. 

I  have  found,  therefore,  that  with  some  modification,  the  old- 
fashioned  way  of  using  some  kind  of  cord  and  two  fixed  points 
to  be  better  than  anything  else.  If  the  ellipse  is  not  very  eccen- 
tric, a  strong  silk  thread  will  answer  the  purpose  if  carefully  used 
so  as  to  make  the  tension  uniform.  If  the  ellipse  is  very  elon- 
gated, a  very  fine  wire,  soft  and  thoroughly  annealed,  is  much 
better,  as  it  will  not  stretch  or  yield  to  any  sensil>le  extent.  A 
very  fine  wire,  such  as  is  used  in  artificial  flower  making,  I  have 
found  well  adapted  to  this  purpose.  For  one  of  the  foci  I  use  a 
fine  needle  which  passes  through  a  fixed  loop  in  the  wire  just 
large  enough  to  admit  it.  For  the  other  focus,  a  sharp  steel  wire, 
with  an  eye  through  it  which  will  be  in  the  plane  of  the  diagram 
when  the  needle  is  driven  into  the  drawing  board,  is  necessary. 
A  small  sewing-machine  needle,  which  has  an  eye  in  just  the  right 
place,  answers  the  purpose. 

[To  be  Continued.] 


ARCTURUS. 


DANIBL  KIRK  WOOD. 


With  the  exception  of  Sirius,  Arcturus  is  the  brightest  star  visi- 
ble in  our  latitude.  It  is  among  the  few  stars  mentioned  in  the 
Bible,    (Job   xxxviii:   32).     The   proper  motions   of    the   fixed 
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stars  were  first  discovered  by  Dr.  Halley  in  1717.  All  observers 
know  the  configuration  of  bright  stars  called  the  '*  Dipper."  The 
handle  forms  a  curve,  which  continued  southward  some  twenty 
degrees,  points  out  Arcturus.  The  parallax  has  been  estimated 
at  0".13.  The  velocity  through  space  is  375  miles  per  second,* 
or  more  than  one  million  miles  per  hour.  That  the  stars  differ 
very  greatly  in  their  volumes  cannot  be  doubted.  Indeed  we 
have  good  reasons  for  supposing  our  Sun  to  be  a  relatively  small 
body  in  comparison  with  many  of  the  g^ant  globes  to  which  our 
vision  is  nightly  turned.  Placed  ai  the  distance  of  Arcturus,  its 
apparent  magnitude  would  almost,  if  not  entirely  disappear  from 
onr  unassisted  sight.  When  we  compare  their  spectra  we  find 
that  of  Sirins  of  the  first ;  that  of  Arcturus  of  the  second,  or 
solar  type.  The  small  parallax  found  for  Arcturus  indicates  a 
distance  eleven  million  times  that  of  the  Sun  from  the  Earth. 
But  as  the  apparent  magnitudes  of  the  fixed  stars  vary  inversely 
as  the  squares  of  the  distances,  the  Sun  placed  at  the  distance  of 
Arcturus  would  be  diminished  one  hundred  and  twenty-one 
millions  of  millions  of  times.  Assuming  that  the  intrinsic 
brightness  of  the  Sun  and  Arcturus  is  the  same,  and  that  the 
relatively  greater  brilliancy  of  Arcturus  depends  on  its  greater 
volume,  we  reach  the  astonishing  conclusion  that  the  bulk  of 
Arcturus  is  one  million  times  that  of  the  Sun. 


SUGGESTIONS  TO  AMATEURS. 


LBWIS  SWIFT 


Othbr  Wonderful  NEBULiE. 

That  mighty  Nimrod  of  Astronomy,  Sir  William  Herschel, 
hunted  the  sky  over  for  the  discovery  of  nebulse,  and  found  more 
than  anyone  either  before  or  since  his  day.  Armed  with  tele- 
scopes of  his  own  construction,  of  far  larger  aperture  than  any 
previously  made,  he  was  enabled  to  thus  achieve  surpassingly 
greater  success  than  had  been  attained  by  all  other  astronomers. 

He  divided  the  nebulae  and  clusters  into  eight  classes,  a  distinc- 
tion  still  in  vogue,  as  follows:  Class  (I)  Bright;  (II)  Faint;  (III) 
Very  faint ;  (IV)  Planetary ;  (V)  Large.  The  other  three  sorts  re- 
fer to  clusters  of  varying  degrees  of  resolvability.  These  five 
classes  are  sub-divided  into  round,  irregular,  elongated,  annular 
and  stellar  nebulae.  Of  class  I,  he  discovered  288;  of  class  II, 
*  Miss  Gierke's  System  of  the  Stars,  p.  346. 
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909 ;  of  class  III,  984;  of  class  V,  52 ;  a  total  of  2,312  nebute  and 
197  clusters. 

To  the  ancients,  only  about  a  half  dozen  visible  to  the  naked 
eye  were  known,  and  the  revised  list  of  Messier  reaching  down  to 
the  year  1781,  gives  only  101  of  these  objects.  But  since 
Herschel's  time,  other  observers,  including  his  son.  Sir  John 
Herschel,  have  increased  the  number  to  nearly  8,000.  Dreyer's 
New  General  Catalogue,  published  five  years  ago,  contains  the 
places  and  description  of  7,840  nebulae  and  clusters. 

Besides  the  above  named  astronomers,  D'Arrest,  Auwers, 
Marth,  both  the  Rosses,  Stephan,  Stone*  Swift,  Tempel,  and 
many  others  have  been  persistent  workers  in  this  department. 
Of  those  who  have  discovered  one  hundred  and  over  (excluding 
clusters)  are  Sir  John  Herschel  with  1454;  Swift,  900;  Marth, 
600;  Stephan,  455;  D'Arrest,440;  the  Rosses,  255;  Leavenworth, 
253 ;  and  Stone,  100. 

Though  like  the  stars  they  are  very  unequally  distributed,  yet 
not  a  constellation  is  devoid  of  them,  many  being  crowded  with 
nebulse.  Virgo  contains  over  500,  while  the  Northern  Crown  has 
only  about  a  half-dozen. 

The  Milky  Way,  which  contains  nine-tenths  of  all  the  visible 
stars,  has  very  few  nebulae,  the  most  remarkable  of  which  are  the 
Swan  or  Horseshoe  or  Omega,  right  ascension  17**  15"',  declina- 
tion south  16°  15';  the  Trifid,  R.  A.  17"  55'",  Decl.  —  23°;  Dumb- 
bell, R.  A.  19"  54'",  Decl.  north  22°  23'.  The  Crab  nebula,  R.  A. 
5h  27in^  Decl.  +  21°  56"',  though  not  in  the  Milky  Way  is  quite 
near  it.  This  is  number  one  of  Messier's  Catalogue,  and  its  re- 
discovery by  him  on  Sept.  12,  1758,  while  examining  a  comet,  in- 
duced him  to  embody  in  a  catalogue  all  nebulae  visible  with  his 
small  telescope,  resulting  in  a  list  of  101,  though  many  of  these 
are,  in  reality,  clusters. 

The  Crab  nebula  as  seen  with  large  telescopes  is  in  shape,  a 
very  singular  object,  showing  radials  suggestive  of  the  claws  of  a 
crab,  from  whence  its  name.  It  has  never  been  resolved  into 
stars  as  has  been  alleged. 

But  of  all  the  nebulae  visible  from  this  latitude,  none  save  that 
of  Orion,  are  to  me  so  interesting  as  the  Trifid  and  the  Swan, 
both  of  which  I  commend  for  examination  to  the  owners  of 
small  telescopes.  Radiating  from  the  Center  of  the  Trifid  are 
three  black  channels  dividing  it  into  three  nearly  equal  parts.  In 
one  of  the  rifts  near  its  center  is  a  star  seen  double  by  Sir  William 
Herschel,  and  as  triple  by  Sir  John,  but  which  is  really  quad- 
ruple.   Mr.  South,  on  July  11,  1823,  with  his  five-foot  equatorial. 


Digitized  by 


Google 


Lewis  SwiA.  26t 


measured  the  star  so  carionsly  situated  ''where  three  ways 
raeet/'  but  strangely  missed  the  nebula  which  forms  so  striking 
an  appendage  to  it.  Adjoining  it  on  the  north  is  another  nebula 
lai^ger  than  the  Trifid  though  much  fainter,  a  test  object,  both  for ' 
aperture  and  keenness  of  vision,  for  users  of  small  telescopes, 
whom  it  is  well  to  advise 

"  If  at  first  jou  don't  succeed, 
Try»  try  again." 

The  Trifid  was  observed  by  Messier  on  June  5,  1764,  an  d  is 
number  20  of  his  Catalogue,  indicated  thus,  M.  20.  In  Sir  John 
HerschePs  General  Catalogue  of  Nebute,  it  is  number  4356,  and 
number  6514  in  Dreyer's  New  General  Catalogue.  Sir  William 
Herschel,  who  first  observed  it  on  July  12, 1784,  thought  of  it  as 
three  separate  nebulce  which  he  registered  as  follows:  '* Class  V, 
10, 11, 12,"  remarking,  "Three  nebulae  joined  form  a  triangle,  very 
faint  and  of  great  extent.  In  the  middle  is  a  double  star."  On 
May  26, 1786,  he  again  viewed  it  and  considering  it  then  as  one 
body,  assigned  it  to  Class  IV,  number  41,  with  this  notice:  "A 
double  star  with  extensive  nebulosity  of  difierent  intensity. 
About  the  double  star  is  a  black  opening  resembling  the  nebula  in 
Orion  in  miniature." 

In  neither  catalogue  does  he  give  the  position  of  the  attached 
large  nebula,  nor  does  he  mention  it  in  his  "remarks."  Neither 
does  Sir  John  in  his  notes  on  the  Trifid  nebula,  continued  down 
to  1833,  make  the  slightest  allusion  to  it  though  it  has  a  pretty 
bright  star  near  its  center.  The  conclusion  is,  therefore,  irresist- 
ible that  not  either  of  the  Herschels  ever  saw  it,  and  yet  in 
both  the  General  and  the  New  General  Catalogues  it  is  figured  ^s 
9  of  Class  V.  According  to  Auwers'  synopsis  of  Sir  William's 
numbers  with  dates  of  discovery  and  their  several  classes,  V,  9  is 
given  as  having  been  discovered  on  May  22, 1784.  The  perplex- 
ing question  here  arises,  how  could  he  have  seen  this  very  faint 
nebula  on  May  22, 1784,  and  not  have  detected  in  the  same  field 
the  very  much  brighter  Trifid  until  May  26,  1786?  This  mys- 
teriousness  is  my  excuse  for  the  occupation  of  so  much  space  in 
its  discussion.  It  was  no  doubt  discovered  in  1839  by  H.  L. 
Smith  and  E.  P.  Mason. 

Some  five  or  six  years  since  I  observed  a  luminous  filament  of 
the  most  delicate  spider-line  fineness  stretched  across  its  north- 
west cleft  reminding  me  of  one  of  the  cables  of  the  New 
York  and  Brooklyn  suspension  bridge  i}\rith  the  difierence 
that  there  was  no  depression  from  shore  to  shore.    Owing  how- 
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ever  to  electric  street  lights,  no  opportunity  has  since  presented 
itself  for  re-observing  it. 

How  feebly  can  one's  imagination  form,  or  his  faltering  pen 
convey  an  idea  of  the  vastness  of  volume  of  most  of  the  nebulae 
which  even  small  telescopes  reveal  as  discs,  when  the  most 
powerful  glass  can  raise  none  on  a  single  star!  They  are  too 
vast  to  be  conceived  of  or  expressed  in  figures.  Take,  for  in- 
stance, the  one  we  have  been  considering,  the  Trifid  nebula,  and  it 
is  small  in  comparison  with  some  others,  and  if  we  allow  it  to  be 
as  distant  as  the  nearest  stars  (a  reasonable  supposition)  and  of 
a  size  that  would  fill  the  orbit  of  Neptune,  or  5,600,000,000 
miles  in  diameter,  it  would  still  appear  with  our  most  powerful 
instruments  only  as  a  very  minute  disk,  yet  with  a  high  power  it 
fills  the  entire  field  of  view. 

Although  we  know  nothing  of  their  distances  and  magnitudes, 
we  are  sure  that  they  shine  by  inherent  light.  In  our  ignorance 
we  are  left  to  mere  conjecture  as  to  the  ultimate  destiny  of  such 
vast  accumulations  of  gaseous  matter,  which  most  of  them, 
doubtless,  are.  Perhaps  the  most  reasonable  supposition  is  that 
they  are  suns  and  planets  in  process  of  formation  after  a  man- 
ner analogous  to  that  of  our  own  Sun  and  his  planetary  family 
*'in  the  beginning." 

Rochester,  N.  Y.,  Dec.  21, 1893. 
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The  motion  of  the  heavenly  bodies  would  be  far  simpler  if  we 
could  see  in  the  sky  one  motion  at  a  time  instead  of  the  resultant 
of  several  motions.  As  far  as  naked-eye  astronomy  is  concerned, 
the  Sun  stands  still.  The  motions  which  he  seems  to  have  are 
only  those  of  the  Earth  transferred.  Now  it  the  Earth  had  but 
the  motion  of  rotation,  it  would  simply  turn  over  and  over  in 
the  same  place  in  space  and  cause  the  Sun  to  appear  above  the 
eastern  horizon,  cross  the  meridian  and  disappear  in  the  west. 
The  Sun's  path  would  be  practically  the  same  fi'om  day  to  day 
as  long  as  the  observer  remained  stationary.  If,  on  the  other 
hand,  the  Earth  stopped  rotating  but  moved  on  as  usual  in  its 
orbit,  keeping  the  same  inclination  to  the  ecliptic,  the  fixed  ob- 
server would  have  the  Sun  above  the  horizon  half  the  year,  and 

•  Continued  from  January  Number,  p.  221. 
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its  azimtith  and  altitade  would  change  slightly  from  month  to 
month.  Taking  things  as  they  really  are,  we  have  in  the  west- 
ward movement  of  the  Sun  across  the  heavens,  the  eflFect  mainly 
of  the  Earth's  rotation,  the  changes  in  the  noon  altitude  and  in 
the  points  of  rising  and  of  setting  must  be  referred  to  the  orbital 
motion  of  the  Earth,  and  the  cycle  of  these  changes  should  be 
completed  in  a  year.  Analogous  to  these  motions  of  the  Sun  are 
the  daily  and  monthly  motions  of  the  Moon.  The  former  is,  of 
course,  apparent  and  due,  as  in  the  case  of  the  Sun,  to  the  Earth's 
turning  on  its  axis;  the  latter  presents  itself  in  actual  observa- 
tion both  in  the  eastward  motion  of  the  Moon  among  the  stars, 
and  in  the  constant  shifting  of  the  diurnal  path  where  it  inter- 
sects the  horizon  and  crosses  the  meridian.  This  shifting  is  far 
more  marked  than  that  shown  by  the  Sun  as  the  period  is  only 
one-twclfbh  as  long.  It  is  not  surprising  that  the  monthly  mo- 
tion  though  real,  presents  itself  under  the  same  guise  as  the  ap- 
parent annual  motion  of  the  Sun.  For  to  the  unaided  eye,  the 
phenomena  are  the  same,  whether  the  Earth  goes  around  the 
Sun  or  the  Sun  around  the  Earth. 

At  whatever  point  we  attack  the  problem  of  motion  by  actual 
observation,  one  thing  is  clear,  the  diurnal  paths  of 'the  Sun  and 
Moon  must  be  located  with  reference  to  the  horizon  by  the  points 
of  rising,  southing  and  setting.  The  necessary  angles  in  altitude 
and  azimuth  may  be  determined  in  various  ways.  The  following 
involves  no  apparatus  whatever.  Take  from  a  common  almanac 
the  time  of  apparent  noon,  and  at  that  instant  fix  by  permanent 
marks  the  position  of  the  shadow.  The  direction  of  the  shadow 
gives  a  rough  meridian  line  which  prolonged  north  and  south  in- 
tersects the  horizon  respectively  in  the  north  and  south  points. 
The  celestial  meridian  may  be  described  as  the  circle  in  the  sky 
passing  through  these  points  and  through  the  zenith.  When  the 
Sun  in  its  daily  journey  comes  to  this  circle,  it  is  said  to  south,* 
to  transit  or  to  cross  the  meridian ;  and  its  distance  above  the 
plane  of  the  horizon  is  meridian  altitude  or  noon  altitude.  In 
order  to  determine  its  value  for  a  particular  day,  face  the  Sun  on 
Hie  meridian,  decide  whether  it  is  about  half  the  distance  from 
the  horizon  to  the  zenith  or  only  about  a  third.  Then  correct  the 
4JEP  or  30^  by  dividing  these  angles  into  tenths.  The  observer 
must  gnard  against  making  the  distance  too  large  near  the  ho- 
rizon and  too  small  at  the  zenith.  When  sunset  points  are  to  be 
located,  stand  on  the.  tneridaan  .line  facing  west  and  stretch  out 
tbe  arm  at  'ri)(^t  angles  to  the  body.  The  line  prolonged  from 
Hie,  arm  fixes  approximately  the  west  jpoiht  from  which  the  posi« 
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tion  of  the  setting  point  is  determined  by  measnring  on  the  hori- 
zon the  angle  between  these  points.  When  this  angle  is  large  an 
atixiliary  line  aids  in  making  a  more  accurate  measure  as,  for 
example,  if  two  trees  or  other  objects  are  chosen  so  that  the  line 
passing  through  them  cuts  the  horizon  near  the  setting  point. 
Then  the  distance  between  the  intersection  of  the  line  and  the 
point  gives  a  constant  angle  which  can  be  estimated  a  number  of 
times  on  different  days  and  the  mean  taken.  From  the  intersec- 
tion to  the  reference  line  small  angles  are  easily  measured  in 
terms  of  the  Sun's  own  diameter.  These  methods  may,  in  gen- 
eral, be  employed  for  sunrise  and  for  the  rising  and  setting  of  the 
Moon.  But  those  who  become  interested  in  watching  any  heav- 
enly body  will  soon  be  dissatisfied  with  mere  eye  estimates.  In 
finding  meridian  altitudes  it  is  some  help  to  hold  the  forefingers 
in  front  of  the  face,  one  vertical  and  the  other  pointed  toward 
the  body  in  the  sky.  Pencils  and  rulers  are  better  than  fingers, 
and  a  better  way  still  is  to  lay  a  ruler  on  the  side  of  a  wall  nearly 
in  the  meridian  line  and  measure  with  a  protractor  the  angle  be- 
tween the  edges  of  the  wall  and  ruler,  thus  finding  the  zenith 
distance.  Any  one  who  has  a  gnomon  can  determine  the  zenith 
distance  at  noon  by  measuring  the  height  of  the  vertical  shaft 
and  the  length  of  its  shadow  at  noon,  and  then  computing  the 
required  angle  by  plane  trigonometry.  One  student  whom  I 
know  has  lately  made  an  adjustable  quadrant  out  of  a  yard 
stick  and  a  strip  of  whalebone.  It  is  hardly  comparable  to 
Tycho  Brahe's  famous  quadrants  but  its  meas- 

0ures  are  better  than  guesses  and  the  owner 
claims  for  it  the  especial  merit  that  it  is  not 
confined  to  the  plane  of  the  horizon  but  can  be 
used  in  measuring  angled  anywhere  in  the  sky. 
The  accompanying  diagram  gives  an  idea  of  an 
inexpensive  instrument  made  of  wood  which  a 
aumber  of  students  have  found  very  conven- 
ient. As  nearly  as  was  possible  from  a  brief 
description,  it  was  made  like  one  devised  by 
Professor  W.  A.  Rogers  of  Colby  University. 
He  gave  it  no  name  but  we  call  it  the  circles.  A 
^^  vertical  shaft  about  five  feet  in  height  carries  at 
the  top  a  vertical  circle  fifteen  inches  in  diame- 
ter and  at  the  bottom  a  horizontal  pointer  placed  as  nearly 
as  possible  in  the  same  plane.  Both  circle  and  pointer  can  be 
brought  into  any  vertical  plane  of  the  horizon,  as  the  upright 
shaft  turns  in  an  aperttire  cut  in  the  center  of  the  horizontial  cir- 
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de.  The  latter  circle  about  thirty  inches  in  diameter  is  graduated 
from  0^  to  360^  so  that  azimuth  is  reckoned  in  true  astronomical 
fashion  from  the  south  point  through  the  west  and  north  points 
around  the  complete  circle.  The  circles  may  be  readily  trans- 
formed into  a  gnomon  by  removing  the  upright  support  and  ver- 
tical circle  and  inserting  instead  a  shaft  with  a  sharp  tapering 
I>oint  of  such  height  that  the  long  noon  shadows  of  summer  will 
just  reach  the  circumference  of  the  horizontal  circle.  A  large  flat 
stone  makes  a  good  base  for  the  instrument.  One  method  of  fix- 
ing a  meridian  line  on  the  stone  is  to  draw  a  chalk  line  north 
and  south  with  the  help  of  a  compass,  allowance  being  made  for 
the  difierence  between  the  magnetic  meridian  and  the  true  meri- 
dian. If  the  ends  of  this  line  are  cut  in  the  stone,  a  permanent 
meridian  line  is  secured. 

The  manner  of  using  the  circles  is  as  follows.  Place  them  so 
that  the  line  between  0**  and  180°  lies  north  and  south;  by 
means  of  a  carpenter's  level,  see  that  the  vertical  shaft  is  approx- 
imately vertical  and  the  horizontal  circle  approximately  level, 
take  hold  of  the  shaft  and  move  it  around  until  the  plane  of  the 
vertical  circle  produced  includes  the  desired  object;  keeping  the 
eye  still  in  this  plane  place  it  also  in  line  with  the  pointer  in  the 
plane,  move  the  pointer  until  it  is  in  line  with  the  object,  then 
clamp.  The  readings  designated  on  the  circles  by  the  pointers 
give  directly  the  altitude  and  azimuth  of  the  object.  In  the  even- 
ing if  there  is  neither  moonlight  nor  twilight  an  assistant  should 
hold  a  bulls-eye  lantern  behind  the  upper  circle  so  that  its  light 
falls  on  the  end  of  the  pointer. 

A  number  of  measures  are  made  satisfactorily  at  night  without 
any  instrumental  help.  Select  two  stars  somewhere  near  the 
space  to  be  measured  and  about  the  same  distance  above  the 
horizon.  Let  the  line  joining  the  two  stars  be  the  unit  of  meas- 
ure in  which  the  required  distance  is  expressed.  The  value  of  this 
line  in  degrees  is  easily  found  in  two  ways  sufficiently  accurate 
for  naked-eye  work.  Find  on  the  celestial  ^^lobe  the  stars  chosen, 
measute  the  distance  between  them  on  a  narrow  strip  of  paper 
and  then,  as  all  great  circles  in  the  same  sphere  are  equal,  take 
from  the  celestial  equator  the  number  of  degrees  corresponding 
to  the  measured  space.  Or,  if  the  mean  right  ascensions  and 
declinations  of  the  stars  are  known  for  the  year,  the  following 
formula  will  give  the  number  of  degrees  between  them. 

where  d  is  the  mean  declination  of  the  two  stars  and  ^S  and  ^a 
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are  respectively  the  differences  in  declination  and  right  ascension 
of  the  two  stars. 

Suppose,  for  example,  that  the  line  selected  is  the  one  between 
a  and  y  Pegasi;  by  measurement  on  the  globe,  it  equals  16*^.6. 
By  the  second  method  the  result  is  a  little  more  accurate,  as  is 
shown  by  the  following : 

a  Pegasi  R.  A.  =  22'*  59»»       Decl.  =  +  14°  37"  14*^  37' 

J/ Pegasi  0   08  14   35  14   35 

Ja  =  -.l   09  =  — 17^25    Jtf=02'=0°.03  <5  =  14  36 


D  =  V(0°.03)'  +  (—17^.25)"  cos*  14\36  =  16*^.7 

Every  one  who  makes  observations,  even  if  they  are  little  more 
than  guesses,  wishes  to  know  what  degree  of  accuracy  they 
possess.  All  angular  measures  referring  to  the  Sun's  diurnal 
path  are  easily  tested  on  the  celestial  globe.  Adjust  the  globe  so 
that  it  gives  the  aspect  of  the  heavens  for  the  time  of  observa- 
tion. The  position  of  the  Sun  corresponds  to  the  date  of  the 
month  marked  on  the  ecliptic.  Its  altitude  is  found  by  laying 
off  on  a  strip  of  paper  the  vertical  distance  between  the 
Sun  and  the  metal  plate  which  represents  the  horizon.  On  the 
latter  plate  from  the  foot  of  the  vertical  circle  measure  to  the 
nearest  cardinal  point,  east,  south  or  west.  As  described  above, 
the  two  codrdinates  are  readily  expressed  in  degrees.  In  order  to 
apply  this  method  to  the  Moon,  it  is  only  necessary  to  know  its 
right  ascension  and  declination  for  the  time  of  observation. 
Meridian  altitudes  of  either  the  Sun  or  Moon  may  be  checked  by 
taking  out  for  the  day  the  declination  given  on  page  6  or  page  7 
of  The  Connecticat  Almanac.  There  is  a  typographical  error  in 
the  heading  of  the  first  table,  the  year  should  be  1893.  A  very 
simple  calculation  furnishes  the  required  test.  As  an  illustration, 
on  November  7, 1893,  according  to  a  student's  observation  made 
with  the  circles,  the  altitude  of  the  Sun  at  noon  was  32°.  For 
that  date  the  Almanac  declination  is  — 16°  30^.  This  combined 
with  the  colatitude  of  the  place,  47°  41',  gives  the  Sun's  altitude 
as  31°  11'.  The  Connecticat  Almanac  is  computed  for  New 
Haven  but  no  interpolation  is  necessary  in  case  of  the  Sun  even 
for  a  place  whose  longitude  differs  by  several  hours. 

No  problems  connected  with  apparent  motion  are  more  inter* 
esting  than  those  which  deal  with  the  rate  of  this  motion.  At 
the  instant  when  the  Sun  is  on  the  meridian,  its  path  is  parallel  to 
the  horizon.  An  hour  before  and  an  hour  after  meridian  passage^ 
imagine  vertical  circles  passed  through  the  Sun  and  prolong<^''ta 
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Ihe  horizon.  Since  the  downward  curvature  of  the  path  is  small 
between  these  two  positions,  the  arc  intercepted  on  the  hori- 
zon gives  approximately  the  number  of  degrees  passed  over  by 
the  Sttn  in  two  hours.  Making  use  of  this  method  for  the  Moon, 
five  students  during  the  past  October  observing  independently 
with  the  circles,  obtained  hourly  rates  for  the  Moon  varying  from 
13%°  to  1414*'. 

Another  method  applicable  to  the  Moon  is  best  described  by 
giving  -an  outline  of  an  actual  observation.  The  student  stood 
•oji  one  of  .the  Observatory  steps  from  which  point  the  Moon  was 
seen  toward  the  southeast,  a  short  distance  above  a  white  birch 
ti3ee.r  In  the  sky  not  far  away  was  the  square  of  Pegasus.  The 
Hue.  betweto  a  and  y  was  taken  as  the  measuring  line  and  the 
Moon's  distance  above  the  tree  estimated  to  be  a  certain  part  of 
this  unit.  An  hour  later  the  student  looked  again  from  the  same 
position,  the  same  part  of  the  measuring  line  was  laid  off  above 
the'  tree,  and  the  Moon  put  back  in  imagination  in  the  place  it 
first  occupied  and,  finally,  the  interval  between  this  imaginary 
Moon  and  the  real  Moon  in  the  sky  was  estimated  in  terms  of 
the  measuring  unit.  This  way  of  obtaining  the  apparent  hourly 
rate  of  the  Moon's  motion  involves,  of  course,  the  error  of  as- 
suming the  motion  to  be  in  a  great  circle;  for  so  short  a  time, 
however,  the  error  is  small  compared  with  the  probable  error  of 
observation. 

No  medtion  has  thus  far  been  made  of  observations  for  finding 
themotion  of  the  Moon  among  the  stars,  nor  for  determining  its 
latitude  and  longitude,  right  ascension  and  declination.  Any 
student,  however,  who  has  put  into  practice  a  few  of  the  fore- 
going suggestions  will  have  no  difficulty  in  making  such  applica- 
tions and  modifications  as  these  problems  demand.  A  few  hours 
of  genuine  study  of  the  heavenly  bodies  is  better  than  much  read- 
ing. The  royal  road  of  astronomy  does  not  lie  in  a  library,  it  is 
out  of  doors  under  the  open  sky. 


CONSTBI^LATION  STUDY. 


WINSLOW  UPTON. 


IV. 


The  preceding  articles  of  this  series  have  discussed  the  generjal 
plan  of  constellation  study  which  is  recommended.  It  remains 
to  take  up  the  several  constellations  in  turn  and  give  suggestions 
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for  learning  their  leading  featnres,  as  far  as  this  can  be  done 
on  a  printed  page.  For  at  this  point  it  is  necessary  to  pass 
from  a  written  description  to  the  sky  itself,  and  use  such  aids  as 
star  atlases  may  supply. 

A  word  here  regarding  star  atlases  will  not  be  out  of  place, 
for  a  good  star  atlas  is  indispensable  to  a  thorough  study 
of  the  constellations,  and  almost  as  necessary  for  the  merest  out- 
line study  'of  them.  A  number  of  excellent  atlases  can  be  pur- 
chased, each  having  special  advantages,  and  some  better  adapted 
for  one  purpose  than  another.  Individual  preferences  of  course 
vary,  and  the  opinions  of  the  writer  accordingly  may  not  agree 
with  those  of  others.  Among  the  atlases  available  for  the  stu- 
dent the' following  are  standard  works:  Argelander's  Uranome- 
tria  Nova  and  Heis'  Atlas  Coelestis.  These  are  the  authoritative 
chails  of  the  astronomer  and  thoroughly  reliable.  The  former  is 
nearly  an  ideal  chart  for  the  student  who  wishes  to  carry  the 
study  to  some  detail,  or  to  have  a  standard  atlas  for  reference, 
as  it  gives  all  the  stars  visible  to  the  naked  eye,  and  also  contains 
the  boundaries  of  the  constellation  areas  and  the  outlines  of  the 
historical  figures  with  sufficient  distinctness  for  use,  but  not  with 
undue  prominence.  Klein's  star  atlas  and  Proctor's  larger  atlas 
give  more  stars  and  the  plates  are  therefore  somewhat  crowded, 
which  is  at  first  an  emban'assment.  The  historical  figures  are 
omitted  in  these  atlases.  For  a  more  general  study  less  compre- 
hensive works  such  as  Proctor's  Half  Hours  with  the  Stars, 
Burritt's  Atlas  to  his  Geography  of  the  Heavens,  Young's  Uran- 
ography,  are  to  be  recommended,  but  the  student  is  likely  to 
outgrow  them  if  he  is  persistent  in  the  study.  Burritt's  Atlas 
has  the  advantage  of  large  pciges,  but  the  historical  figures  are 
rather  too  prominent  for  thdr  importance  in  the  science  of  to- 
day. Besides  atlases,  the  charts  known  as  planispheres  which 
can  be  set  for  any  given  hour  are  quite  useful.  Among  those  now 
in  the  market  is  Poole  Bros.'  Celestial  Planisphere,  which  is 
very  serviceable.  It  gives  the  brighter  stars  with  the  leading 
clusters  and  nebulae,  and  like  Young's  Uranography  has  guiding 
lines  which  are  a  help  in  tracing  the  configurations.  The  constel- 
lation boundaries  are  given  but  not  the  historical  figures,  though 
the  latter  are  given  in  the  accompanying  Handbook.  The  chart 
which  is  published  in  this  number  of  Popular  Astronomy  is  a 
reproduction  of  a  portion  of  Poole's  Planisphere,  and  may  be 
referred  to  in  reading  the  remainder  of  this  article. 

In  taking  up  the  constellations  in  turn  let  us  recall  the  classifi- 
cation adopted  in  the  earlier  articles  of  this  series.    We  are  .to 
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imagine  the  heavens  divided  into  four  lune-shaped  areas,  the 
boundaries  of  which  are  the  equinoctial  and  solstitial  colures. 
Then  for  convenience  we  are  to  take  from  each  of  these  four  sec- 
tions the  part  in  the  vicinity  of  the  pole  and  make  a  drcumpolar 
map.  Our  five  divisions  are  the  drcumpolar  map  and  the  four 
divisions  thus  decapitated.  Were  we  to  discuss  all  the  constella. 
tions  of  the  southern  sky  we  should  need  a  drcumpolar  map 
around  the  south  pole  corresponding  with  that  around  the  north 
X>ole.  We  will  first  notice  the  constellations  arotmd  the  north 
pole  and  then  those  of  the  four  sections,  according  to  the  list 
given  in  the  second  article  of  this  series.  Before  doing  this  we 
should  note  how  the  four  divisions  of  the  sky  are  placed  at  the 
time  of  observation.  To  do  this  we  should  trace  the  line  of  the 
equinoctial  colure.  and  imagine  the  solstitial  colure  drawn  at 
right  angles  to  it,  intersecting  it  at  the  pole  star.  If  it  is  in  the 
evening  of  some  night  in  February,  the  solstitial  colure  will  run 
not  far  east  or  west  of  the  meridian,  and  the  first  division  of  the 
sky  will  lie  west  of  it  and  the  second  east  of  it.  The  third  and 
fourth  divisions  are  below  the  horizon  except  near  the  pole.  If 
the  observer  faces  the  north  for  the  drcumpolar  groups  the  first 
division  lies  above  the  pole  west  of  the  meridian  (or  more 
strictly  west  of  the  solstitial  colure,  which  will  only  momentarily 
coindde  with  the  meridian  in  the  diurnal  motion  of  the  heavens), 
the  second  division  lies  above  the  pole  east  of  this  line,  the  third 
division  is  bdow  the  second  and  the  fourth  bdow  the  first.  The 
bowl  of  the  ''  Dipper*'  is  in  the  second  and  its  handle  in  the  third 
division. 

CONSTBLLATIONS  NORTH  OP  THB  ZbNTTH,  AS  SBEN  IN   NORTHBRK 

Latitudes. 

Cassiopeia.  The  line  drawn  from  i  Ursae  Majoris  to  the  Pole 
6tar,  if  prolonged  an  equal  distance  passes  through  fi  Cassio- 
pdA.  6  Ursae  Majoris  is  the  star  marking  the  junction  of  the 
handle  and  bowl  of  the  Dipper.  The  area  called  Cassiopda  is  on 
the  opposite  side  of  the  i>ole  from  the  part  of  Ursa  Major  in 
which  is  the  handle  of  the  Dipper.  The  characteristic  figure  of 
Cassiopda  is  a  quadrilateral  and  two  additional  stars  the  Ime 
connecting  which  is  nearly  paralld  with  one  of  the  sides  of  the 
quadrilateral.  The  figure  made  is  somewhat  like  a  chair,  the  four 
stars  of  the  quadrilateral  forming  the  body  and  the  two  other 
stars  the  back.  There  is  a  third  star  in  the  prolongation  of  the 
line  representing  the  back  of  the  chair  which  makes  the  chair  a 
high-backed  chair  as  some  see  it.    The  stars  are  conspicuous. 
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with  the  excq>tion  of  the  one  lettered  x  where  the  knee  of  a  per- 
son would  come  when  sitting  in  the  chair.  A  person  thus  sitting 
would  face  Draco.  While  this  group  is  called  Cassiopeia's  Chair, 
the  ancients  did  not  represent  the  queen  sitting  in  the  chair;  the 
stars  which  make  the  shape  of  the  chair  are  a  part  of  the  figure 
of  the  royal  lady,  whose  feet  are  towards  the  pole.  The  quadri- 
lateral of  stars  is  in  the  upper  part  of  the  body  and  the  head  is 
represented  in  the  sky  by  a  few  faint  stars  just  south  of  the  quad- 
rilateral. There  are  many  faint  stars  visible  to  the  naked  eye 
besides  those  named,  and  the  Milky  Way  passes  through  the 
quadrilateral  of  stars. 

Camelopardalis.  This  name  was  given  by  Hevelius  in  the  17th 
century  to  the  large  area  immediately  following  Cassiopeia,  as 
the  heavens  rotate.  The  name  is  sometimes  written  Camdopar- 
dalus  or  Camdus.  There  are  no  stars  in  this  area  brighter  than 
the  fourth  magnitude.  The  head  of  the  giraife  is  drawn  near  the 
pole  star  between  it  and  the  extremity  of  the  tail  of  Draco.  It  is 
possible  to  trace  a  winding  line  of  faint  stars  near  the  boundaries 
of  the  area,  as  shown  on  the  chart  of  stars  published  in  this 
number  of  Popular  Astronomy,  but  it  requires  a  clear  sky  to  do 
this. 

Ursa  Major.  This  large  area  contains  the  conspicuous  stars  of 
the  Dipper  and  certain  other  stars  around  which  the  outlines  of  a 
bear  may  be  drawn.  The  handle  of  the  Dipper  forms  the  tail  of 
the  bear  and  is  out  of  all  proportion  to  the  size  of  that  appen- 
dage in  nature.  Hds  in  his  Atlas  draws  the  diminutive  tail  of 
the  terrestrial  bear  in  addition  to  the  gorgeous  attachment  re- 
qnired  by  the  stars.  The  bowl  of  the  Dipper  is  in  the  body  of  the 
animal.  The  head  is  marked  by  a  group  of  small  stars  which 
may  be  found  by  prolonging  the  line  connecting  the  upper  stars 
of  the  bowl,  a  and  ^,  Three  of  the  paws  are  marked  each  by  a 
pair  of  stars  which  is  a  curious  feature  of  this  constellation. 
They  may  be  found  in  this  way :  Prolong  towards  the  south, 
that  is  away  from  the  pole,  the  two  pairs  of  stars  forming  the 
sides  of  the  bowl  of  the  Dipper,  a,  /3  and  tf,  y.  These  lines  con- 
verge to  a  bright  star  lettered  0.  This  star  is  at  the  vertex  of  a 
triangle  whose  other  vertices  are  two  of  the  pairs,  the  two  at 
which  the  hind  paws  of  the  bear  are  drawn.  They  are  lettered 
V,  S  and  A.,  jn  respectivdy  and  are  represented  on  the  chart,  which 
shows  another  way  to  find  them*  The  third  pair,  lettered  i,  x 
and  marking  the  position  of  one  of  the  four  paws  may  be  readily 
found  by  prolonging  the  line  tf,  0  of  the  Dipper,  passing  through 
the  bright  star  0  on  the  way.    There  is  a  fourth  pair  of  stars 
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which  might  have  represented  the  other  fore  paw  had  not  the  as- 
tronomer Hevelins  in  giving  the  name  Lynx  to  a  vacant  space  be- 
tween the  groups  Ursa  Major  and  Auriga  of  Ptolemy's  list 
included  them  in  the  new  constellation.  The  Dipper  and  the 
three  pairs  of  stars  above  named  are  the  characteristic  features 
of  the  constellation  and  with  the  group  constituting  the  head  of 
the  bear  show  the  extent  of  space  covered  by  it. 

Ursa  Minor.  The  seven  leading  stnrs  of  this  constellation  form 
the  "  Little  Dipper"  which  can  be  readily  traced  by  starting  with 
the  pole  star,  which  is  at  the  end  of  the  handle,  and  following  the 
rather  faint  curved  line  of  stars  to  the  four  forming  the  bowl  of 
the  dipper.  This  is  illustrated  on  the  chart.  If  there  is  any  diffi- 
culty in  finding  ^his  figure,  another  way  is  to  notice  the  line  con- 
necting the  pole  star  with  the  end  of  the  handle  of  the  Great 
Dipper,  the  star  7  Ursae  Majoris.  The  two  stars  0  and  y  of  Ursae 
Minoris  lie  a  little  out  of  this  line  not  quite  half-way  from  the 
pole  star.  When  these  are  found  the  construction  of  the  rest  of 
the  figure  from  the  four  faint  stars  between  these  two  stars  and 
the  pole  star  is  not  difficult.  As  in  the  case  of  the  Great  Bear,  the 
handle  of  the  Dipper  is  the  tail  of  the  Little  Bear,  and  the  bowl 
part  of  its  body. 

Draco.  This  winding  constellation  is  a  good  example  of  the 
snake-like  figures  which  can  be  readily  formed  among  the  stars, 
and  which  are  almost  the  only  configurations  bearing  any  re- 
semblance to  the  objects  suggested  by  their  names.  A  quadri- 
lateral of  stars  forms  the  head  of  the  figure.  Its  position  is  close 
to  the  solstitial  colure,— the  arc  which  is  nearest  the  winter  sol- 
stice, or  the  XYIII  hour  circle.  In  February  evenings  this  is 
the  part  of  the  colure  which  extends  from  the  pole  towards  the 
north  horizon.  The  head  of  Draco  is  25^  from  the  pole,  and 
therefore  may  not  be  readily  detected  unless  the  sky  is  clear  near 
the  horizon.  When  found,  'the  winding  line  of  stars  marked  on 
the  •hart  can  be  readily  traced,  passing  between  the  two  dippers. 
It  is  sometimes  easier  to  begin  at  the  tail  of  the  dragon  and 
trace  the  line  towards  the  head.  In  this  case  the  star  which 
marks  the  intersection  of  the  line  drawn  from  the  "pointers"  of 
the  Great  Dipper  to  the  pole  star  with  the  dragon,  lettered  X,  is 
a  good  one  to  begin  with.  The  star  a  Draconis,  which  is  nearly 
in  the  line  connecting  the  pole  star  with  the  end  of  the  handle  of 
the  Great  Dipper,  is  the  star  which  was  the  nearest  bright  star  to 
the  pole  at  the  time  of  the  building  of  the  great  pyramid.  In 
tracing  the  figure  of  the  dragon  it  will  be  noticed  that  at  the 
turning  points  where  folds  of  the  dragon  are  usually  drawn 
there  are  groups  of  small  stars. 
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Cepbeas.  This  constellation  lies  between  the  head  of  Draco 
and  the  constellation  Cassiopeia.  A  large  part  of  its  area  is  de- 
void of  prominent  stars.  Its  characteristic  figures  are  a  group 
of  stars  at  the  southernmost  limit  of  the  area,  where  the  head  of 
the  king  is  drawn,  and  a  broken  line  of  three  third  magnitude 
stars  further  north  near  the  center  of  the  area.  The  former  group 
consists  of  a  variable  star,  one  of  the  fourth  magnitude,  and  one 
of  the  fifth  magnitude,  forming  a  triangle  with  several  very  faint 
stars  adjacent.  The  easternmost  of  the  triangle  (at  tiie  left 
when  the  group  is  seen  below  the  pole),  lettered  6,  is  the  variable 
star  and  one  of  the  best  known  in  the  sky.  It  fluctuates  between 
the  fourth  magnitude  and  the  fifth  every  five  days.  The  broken 
line  of  stars  referred  to  embraces  the  only  conspicuous  stars  in 
the  constellation.  The  two  southernmost  form  a  line  with  the 
pole  star,  very  much  as  the  pointers  of  the  Dipper,  and  the  third 
makes  an  obtuse  angle  of  about  130°  with  this  line. 

These  six  constellations  occupy  the  greater  part  of  the  area 
within  4fO°  of  the  northern  pole  of  the  sky.  Three  other  constel- 
lations, Perseus,  Auriga,  and  Lynx  have  a  large  part  of  their 
area  within  this  circumpolar  region,  but  their  most  conspicuous 
stars  are  farther  south,  and  they  will  be  treated  with  the  constel- 
lations which  culminate  south  of  the  zenith  in  northern  latitudes. 

The  following  table  contains  the  approximate  positions  of  the 
leading  stars  in  each  constellation.  It  is  given  for  use  in  charting 
the  stars,  as  suggested  in  the  third  article  of  this  series. 

Approximate  Positions  of  the  Leading  Stars  in  the  Cir- 
cumpolar Constellations. 
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J. 

BUB  STAl 

RS.    IV. 

tST. 

A.  PARKHXJI 

The  worst  foe  to  accuracy  in  variable  star  work  is  a  precon- 
ceived  notion  of  what  the  star  is  going  to  do.  Too  much  em- 
phasis cannot  be  placed  on  the  caution  against  this  source  of 
error.  The  work  should  be  approached  in  a  "judicial  frame  of 
mind'*  and  the  observer  must  train  himself  to  record  just  what 
he  sees,  nothing  more  or  less.  With  this  end  in  view  it  is  better 
not  to  make  the  reductions  explained  in  the  January  number 
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till  the  star  has  certainly  passed  a  maximum  or  minimum,  nor 
to  learn  irom  the  ephemeris  when  the  maximum  or  minimum 
ought  to  occur,  except  barely  enough  to  be  prepared  for  observa- 
tion. For  this  reason  Popular  Astronomy  gives  the  times  of 
minima  of  the  Algol  steers  only  to  the  nearest  hour,  though  for 
most  of  them  the  predictions  can  be  made  very  much  closer. 

The  principal  facts  in  regard  to  the  period  of  variables  are 
given  concisely  in  what  are  termed  their  elements.  These  consist 
of  1st,  the  epoch ;  2d,  the  length  of  period.  The  time  of  the  first 
well  determined  maximum  is  generally  taken  as  the  epoch,  and  if 
the  period  is  regular  the  time  of  any  other  maximum  can  be 
found  by  multiplying  the  length  of  period  by  the  number  of 
periods  elapsed  since  the  epoch  and  adding  the  product  to  the 
time  of  the  epoch.  For  example  Chandler's  elements  for  107  T 
Cassiopeise  are — 

1871  March  31  +  445.0  E, 

in  which  E  represents  the  number  of  periorls  elapsed  since  the 
epoch. 

It  is  not  always  possible  to  represent  a  star's  variation  by  so 
simple  an  expression  as  the  above.  In  some  cases  a  star's 
period  will  gradually  shorten  till  it  is  about  five-sixths  the  usual 
length,  then  lengthen  till  it  is  as  much  longer  than  the  average, 
thus  showing  that  there  is  a  secondary  cause  at  work  with  the 
principal  one,  their  var^-ing  combination  giving  different  lengths 
of  period.  This  can  often  be  represented  in  the  elements  by  what 
is  called  a  **sine  term."  For  example  the  elements  of  5237  R 
Bootis  are — 

1858  June  8  +  223.4  E  +  10  sin  (10°  E  +  80°). 

As  the  value  of  the  sine  varies  from  +  1  to  —  1  the  last  term  can 
have  values  from  +  10  to  —  10  and  the  period  will  vary  from 
233.4  to  213.4  days. 

There  is  a  progressive  lengthening  or  shortening  in  the  case  of 
some  variables  which  can  be  represented  by  terms  containing  the 
second  or  third  power  of  E  while  other  stars  defy  any  number  of 
terms  to  follow  their  idiosyncrasies. 

Identifying  the  Variable. 

If  the  observer  has  a  telescope  provided  with  finding  circles  he 
will  have  no  difficulty  in  picking  up  the  fields  charted  in  this» 
and  preceding  numbers,  and  with  attention  be  will  be  able  to. 
identify  the  variables.  If  he  has  no  finding  circles  the  operation 
will  not  be  so  easy  and  some  suggestions  may  be  helpful.    First 
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make  an  enlarged  copy  of  the  chart  for  each  variable,  locating 
carefnllj  the  stars  charted  and  also  the  comparison  stars  from 
the  lists  in  the  Jannarj'  and  February  numbers,  down  to  a  magni- 
tude a  little  below  the  limit  of  vision  of  the  telescope  used. 
Locate  the  variable  on  the  star  atlas  by  means  of  its  given  Right 
Ascension  and  Declination,  and  note  its  relation  to  the  nearest 
naked-eye  stars  which  can  be  identified.  In  most  cases  the  tele- 
scope can  be  pointed  at  the  sky  within  a  degree  or  so  of  the 
proper  direction.  A  little  careful  sweeping  will  now  suffice  to 
find  and  recognize  some  part  of  chart,  and  so  on  to  the  variable, 
provided  that  three  facts  are  known :  1st.  How  faint  stars  one 
can  expect  to  see.  The  table  given  in  the  October  number,  page 
91  will  settle  that  point.  2d.  Which  is  north  in  the  sky  and  on 
the  chart.  3d.  How  large  a  portion  of  the  chart  will  be  in- 
cluded in  the  field  of  view.  To  settle  this  last  point  it  vrill  be 
well  to  draw  a  circle  on  the  chart  with  the  variable  as  a  center 
and  the  breadth  of  the  field  of  view  as  a  diameter.  This  will 
show  just  what  can  be  seen  when  the  telescope  is  correctly 
pointed  on  the  variable.  Most  of  the  difficulty  beginners  find  in 
locating  variables  will  come  from  neglecting  some  of  these  three 
points,  but  by  taking  tbem  into  account  a  little  practice  will 
enable  the  observer  to  locate  the  variables  readily  without  find- 
ing circles. 

The  list  of  comparison  stars  for  the  variables  charted  opposite 
page  216  in  the  January  nu»nber,  is  on  page  237. 

The  plate  accompanying  this  article  is  the  companion  to  that 
published  in  the  January  number  and  is  generously  contributed 
bjr  Professor  E.  C.  Pickering  of  Harvard  College  Observatory. 

The  plate  and  the  list  of  comparison  stars  are  taken  from  Pick- 
eringVi  "  Variable  Stars  of  Long  Period." 

The  principal  facts  in  regard  to  the  variables  are  given  in  the 
following  table,  taken  from  Chandler's  **  Second  Catalogue  of 
Variable  Stars." 

star                                     IMace  for  1900  O  Red.                Maffnitndc              Period 

No                  Name                      R  A                Decl  neiis         Max.                 Min.          day, 
h     m    •              •        ' 

5157     S  Botttis 14  19  32     +54  15-9  2.8    7.7  -    8.5  12.5  -  13.2     274.0 


5190    R  Camdopardulis  14  25    6 


54  15.9  2.8  7.7  -  8.5  12.5  -  13.2  274.0 

84  17.1  2.1  7.2  —  8.6  11.8  —  13.5  269.5 

5948    R  Ursae  Minoris...  16  3!  18    +  72  28  3.2  8.6  -  9.0        10.5  Irreg. 

5955    R  Draconis 16  32  23    4-66  57.8  2.0  6.5  —  8.7  12     —  13  245.6 

7220    SCvgni 20    324    +57  4".9  5->  8.8  -  1 1.3         <  i4-5  3".8 

7609    TCephci  21     813    +68    5.0  6.3  5.2—  6.8    9.5-    9.9  383.3 

7779    SCephci 21  36  28    4-78  10.3  9.1  7.4  —  9.2        11.5  484 

8600    RCassiopeise 23  53  19    +50  49.9  6.5  4.8  -  7.0    9.7  —  12  429.0 

The  period  of  S  Bootis  is  undergoing  a  progressive  shortening; 
that  of  R  Camelopardalis  has  irregulariries  whose  law  is  not  yet 
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established.    The  periods  of  S  Cephei  and  R  Cassiopeiae  alter- 
nately lengthen  and  shorten. 

Most  of  the  variables  charted  in  the  January  and  February 
numbers  wijl  be  visible  in  P'ebruary  with  a  two-inch  telescope. 
The  brightest  of  the  list  will  probably  be  numbers  8600,  6955, 
5190,  5157, 107,  4611,  793,  814,  1855.  Three  inches  aperture 
will  show  7609,  and  5157;  five  inches  will  show  7779,  4557  and 
3825,  while  six  inches  or  more  will  be  required  to  see  7220,  2478 
and  432. 

Marengo  Obsbrvatory, 
Marengo,  111.  1894,  Jan.  8. 


DOBS  THB  LrUMINIFKROUS  KTHKR  SERVE  AS  A  MEDIUM 
FOR  THE  TRANSMISSION  OF  THE  FORCE  OF  GRAVITA- 
TION? 


DB  VOLSON  WOOD. 


In  the  January  number  of  Popular  Astronomy,  page  199,  I 
find  the  statement:  "This  ether  apparently  does  not  gravitate, 
but  it  may,  notwithstanding,  be  the  medium  by  which  the  influ- 
ence of  gravitation,  as  well  as  of  light,  heat,  and  electridty,  is 
propagated."  The  suggestion  that  the  luminiferous  ether  trans- 
mits the  force  of  gravity,  is  comparatively  frequent;  but  accord- 
ing to  recognized  laws,  it  is  physically  impossible  for  the  same 
medium  to  transmit  both  light  and  the  force  of  gravity.  The 
reasoning  is  simple.  Including  the  effect  due  to  the  compression 
produced  by  a  wave,  the  velocity  with  which  a  wave  is  trans- 
mitted in  an  elastic  medium  is 


"=i^ 


where  E  is  the  measure  of  the  elasticity  and  D  the  density — or 
mass  in  unity  of  volume— and  y  the  ratio  of  the  specific  heat  at 
constant  pressure  to  that  at  constant  volume  whose  value  is  1.4 
nearly.  In  my  article  on  the  luminiferous  ether  in  the  London 
Philosophical  Magazine  for  NoYtmhtT,  1885,*  I  determined  that, 
according  to  the  data  at  hand, 

E  =  j|.andD  =  g5^H^ 

per  cubic  foot.    These  values  give 

•  Republished  in  Van  Nodtrnnd^s  Science  Series,  No.  85. 
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t;  =  187500  miles 

per  second.    The  observed  value  is 

V  =  186300  miles  per  second. 

Considering  the  fact  that  the  value  of  y  =  1.4  is  entirely  arbi- 
trary in  regard  to  the  ether,  the  result  rather  confirms  the  analy- 
sis. The  partictdar  point  we  desire  to  make  is  this— that  a 
medium  of  fixed  elasticity  and  density  can  transmit  a  wave  with 
only  one  velocity,  and  that  if  it  does  transmit  a  wave  with  any 
other  velocity  either  the  elasticity  or  density,  or  both,  mast  be 
changed.  It  is  believed  that  the  ether  is  practically  uniform  in 
regard  to  elasticity  and  density  throughout  space;  and  this  idea 
is  confirmed  by  the  analysis  in  the  article  above  referred  to.  Such 
being  the  case,  the  velocity  of  a  wave  in  the  ether  will  not  differ 
very  largely  from  186300  miles  per  second ;  certainly  no  cause  is 
known  why  it  should  be  twice  or  three  times  that  value.  But 
La  Place  found  thaliif  the  force  of  gravitation,  if  propagated  by 
an  elastic  medium,  must  have  a  velocity  exceeding  a  hundred 
millions  times  that  of  light  (Mech.  Celeste,  B.  X,  cb.  8).  It  is  then 
physically  impossible  for  gravity  to  be  propagated  by  the  lumin- 
iferous  ether.  If  gravity  is  propagated  by  an  ether,  it  must  be 
one  peculiar  to  itself,  which  we  may  call  the  "gravitation  ether'* 
in  which  the  ratio  of  J?  to  i?  as  far  transcends  that  for  the  lum- 
iniferous  ether,  as  that  ratio  for  the  ether  transcends  its  value  for 
atmospheric  air. 

If  the  luminiferous  ether  be  molecular  and  subject  to  the  force 
of  gravitation,  it  will  not  be  drawn  to  the  centres  of  force  so  as 
to  leave  void  spaces,  for  as  I  showed  in  my  article  the  force  of  re- 
pulsion between  the  particles  will  so  counteract  gravitation  as  to 
leave  it  of  practically  uniform  tension  throughout  space. 


SHOOTING  STARa 


How  to  Observe  Tbem  and  What  they  Teach  Us. 


W.  p.  DBNNINO. 


VI.    Thb  August  Pbrsbids. 

Having  touched  upon  some  of  the  observational  features  of 
shooting  stars  it  is  now  proposed  to  give  a  little  space  to  the 
description  of  three  of  the  leading  showers,  namely,  the  Perseids 
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of  August  and  the  Leonids  and  Andromedes  of  November.  The 
former  of  these  will  form  the  subject  of  the  present  paper  and 
though  the  Perseid  system  cannot,  it  is  true,  boast  of  such 
abundant  and  brilliant  displays  as  the  Leonids  and  Andromedes 
it  compensates  for  this  in  its  more  frequent  appearance.  Every 
year  as  the  anniversary  of  St.  Lawrence  (August  10)  comes  round 
the  Perseids  return  more  or  less  plentifully  and  the  observer  who 
attentively  watches  them  is  always  amply  repaid  for  his  trouble. 
No  doubt  variations  affect  the  visible  strength  of  the  stream 
from  year  to  year,  but  it  is  invariably  sufficiently  pronounced  to 
merit  observation  and  sometimes  so  rich  and  striking  as  to  at 
tract  popular  notice. 

The  Perseids  form  one  of  the  oldest  meteor  groups  of  which  we 
are  cognizant,  for  its  observed  returns  apparently  date  back  to 
the  ninth  century  when  several  displays  were  historically  re- 
corded as  having  occurred  in  the  latter  partof  Jul3'.  Quetelet's 
catalogue  contains  seven  instances  of  the  shower's  apparition  be- 
tween A.  D.  811  and  841,  but  in  the  ensuing  centuries  it  seems  to 
have  rarely  met  with  the  recognition  it  deserved  and  it  was  not 
till  the  latter  part  of  the  18th  century  that  it  received  special 
notice.  It  then  began  to  be  more  systematically  observed 
though  its  features  in  detail  still  awaited  study.  The  ear- 
lier observations  appear  to  have  simply  consisted  in  not- 
ing that  on  about  August  10th  meteors  were  much  more 
numerous  than  usual,  and  occasionally  something  was  added  as 
to  their  general  directions  relatively  to  the  points  of  the  compass. 
That  the  bulk  of  the  meteors  exhibited  radiation  from  a  centre  in 
Perseus  does  not  appear  to  have  been  clearly  apprehended  until  a 
third  of  the  present  century  had  passed  away  and  more  serious 
attention  was  accorded  to  the  subject  of  meteors.  After  the 
great  display  of  Leonids  in  1833  interest  in  these  phenomena  was 
however  much  intensified  and  the  facts  showed  them  to  possess 
an  important  significance.  The  necessity  of  recording  the  appar- 
ent paths  of  individual  meteors  and  other  ieatures  of  their  ap- 
pearance was  then  realized,  and  Heis,  Herrick,  Schmidt  and 
others  became  the  successful  pioneers  in  this  complicated  field  of 
astronomy. 

One  of  the  earliest  observers  to  determine  the  Perseid  radiant 
was  G.  C.  Schaeffer  of  New  York  who  in  1837  and  1838  placed 
it  at  55°  +  60°.  In  late  years  it  was  more  accurately  fixed  by 
Greg,  Herschel,  Twining  and  others  at  45°  +  57°.  Schiaparelli's 
discovery  in  about  1866  that  the  orbit  of  the  Perseids  and  of 
Tuttle's  Comet  (III  1862)  presented  an  agreement  so  close  that 
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thdr  physical  identity  was  to  be  inferred,  gave  another  stimulns 
to  this  department  and  greatly  encouraged  the  efforts  of 
observers. 

The  Perseids  were  long  known  to  possess  a  very  durable  activ- 
ity, with  maximnm  on  about  August  10,  and  Le  Verrier  pointed 
out  that  the  radiant  point  ought  to  become  displaced  in  position 
on  succeeding  evenings.  This  was  not  however  detected  until 
1877  though  Greg  found  the  radiant  an  elongated  one  extending 
from  Perseus  to  Cassiopeia.  A  numerous  series  of  observations 
at  Bristol  in  1877  clearly  proved  that  the  radiant  had  a  motion 
to  the  eastward,  a  fact  which  was  amply  corroborated  in  subse- 
quent years  when  the  rate  and  direction  of  this  mo1;ion  were  de- 
termined with  greater  precision.  On  July  19  the  point  of  radia- 
tion is  at  19°  +  51°,  whereas  on  August  10  it  is  at  45°  +  57°  and 
its  R.  A.  increases  at  the  rate  of  little  more  than  1°  daily.  The  fol- 
lowing diagram  will  exhibit  the  approximate  path  of  the  radiant 
between  July  19  and  August  17. 


Fig.  5.    Path  op  thb  Pbrsbid  Radiant  July  1 9  to  August  1 7. 

The  shower  is  probably  visible  before  July  19  and  after  August 
17  but  for  present  purposes  these  limiting  dates  are  adopted  as 
the  observations  indicating  a  still  longer  duration  are  perhaps 
too  scanty  to  be  conclusive. 

There  are  a  considerable  number  of  minor  showers  in  simultan- 
eous operation  with  the  Perseids  and  they  have  served  to  intro- 
duce complications  and  to  give  the  Perseid  radiant  a  diffuse 
character  not  really  belonging  to  it.  When  the  meteors  in  this 
region  are  severally  apportioned  to  their  proper  centres  the  focus 
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of  the  Perseids  often  cotnes  out  with  remarkable  definiteness. 
There  are  certainly  more  than  100  distinct  meteor  streams  in  ac- 
tiye  play  on  about  August  10  (say  between  August  5  and  16) 
and  the  radiant  positions  of  many  of  the  more  prominent  of  these 
haye  been  ascertained  in  a  satisfactory  manner.  In  the  follow- 
ing table  72  of  them  are  enumerated,  but  it  must  be  understood 
that  they  comprise  a  proportion  only  of  the  aggregate  of  co- 
Perseid  showers  and  that  in  some  cases  the  positions  may  require 
correction  as  they  represent  extremely  weak  showers : 

Mktboric  Radiants  Visible  August  5-15. 
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It  will  be  noticed  that  nearly  all  of  these  showers  are  in  the 
northern  hemisphere.  There  are  undoubtedly  a  great  number  of 
others  in  the  southern  hemisphere  but  the  quest  of  meteor  radi- 
ants has  never  been  adequately  pursued  in  this  part  of  the  firma- 
ment. In  fact  the  southern  heavens  may  be  said  to  ofier  a  rich 
and  comparatively  unexplored  field  and  it  is  hoped  the  day  is  not 
far  distant  when  some  thoroughly  competent  observer  veill  make 
it  the  theatre  of  his  labors. 

The  following  diagram  may  be  useful  as  indicating  the  places  of 
34  radiants  in  the  same  general  region  as  the  Perseids  between 
Aug.  6 — ^16.  No  doubt  there  are  many  additional  ones,  but  these 
are  probably  the  best.  It  will  be  interesting  to  find  whether 
these  subordinate  systems  continue  active  in  future  years  and 
whether  they  offer  a  regular  annual  display  like  the  Perseids. 

With  regard  to  the  hourly  number  of  meteors  visible  at  the 
August  epoch  this  varies  in  different  years  but  at  the  end  of  July, 
early  in  August,  and  between  August  13  and  26,  a  single  observer 
may  generally  count  20  an  hour.  Prom  observations  at  Bristol 
some  years  ago  the  writer  constructed  the  diagram  annexed 
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which  shows  the  horary  rate  of  all  meteors  and  of  Perseids  be- 
tweefl  ivly  25  and  August  19.  It  will  be  seen  on  inspection  fchat 
the  numbers  increase  and  decline  yery  suddenly  near  the  date  of 
the  maxhnum.  At  the  end  of  July  there  is  a  marked  rise  in  the 
total  number  of  meteors  which  is  not  due  to  the  Perseids  but  to 
a  specially  active  shower  of  Aquarids  revealed  bv  observations  in 
1878. 


Pio.  6.    Pbssbio  and  Contbmpokart  Radiamts  in  Samb  Rboion  Bbtwbbn 

August  6  and  15. 

Ftx>m  carefully  observed  tracks  the  radiant  may  always  be  de- 
termined within  a  probable  error  of  2  degrees.  To  show  how 
closely  the  positions  obtained  by  different  observers  may  agree 
we  quote  the  following  results  obtained  in  1879  and  1880,  at  the 
time  of  the  Perseid  maxima  :— 
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Fig.  7.    Duoram  Exhibitino  Horary  Numbers  of  all  Mbtsors 
and  pergbids.   july  25-aug.  19. 

Obaerver.  1879  Ati|ir.  Radiant.        1880  Auir.  Radiant. 

o  o  o  e 

G.  L.  Tnpman 45+51  44+51 

H.  Corder 45     +57  45     +  58 

B.  F.  Sawyer 44%  +  57  44%  +  51% 

W.  F.  Denning 46     +58  44+56 

There  are  some  other  circamstances  in  connection  with  the  Per- 
seids  which  we  might  have  noticed  but  the  objeet  has  merely  been 
to  outline  some  of  the  facts  and  to  f^ye  a  few  details  which  may 
invite  comparisons  by  future  observers.  It  is  by  fair  comparison 
and  criticism  that  the  truth  is  evolved  and  continued  observation, 
while  affording  the  means  of  detecting  errors,  also  furnishes  the 
corroboration  often  necessary  to  render  doubtful  features  certain. 
We  hope  that  many  of  the  future  spectators  of  this  fine  shower 
will  do  so  with  a  keen  regard  to  details  so  that  all  its  traits  of 
appearance  may  be  fully  elucidated.  That  the  display  will  al- 
ways command  appreciative  obiservers  cannot  be  doubted  for  a 
motnent,  for  apart  from  the  abundance  of  its  meteors  and  tjieir 
occasional  splendor,  the  shower  comes  at  the  most  attractive 
season  of  the  year  when  the  nights  ore  getting  suitably  dark  and 
the  observer  can  remain  out  of  doors  for  hours  together  without 
any  of  the  inconveniences  attached  to  the  winter  season. 
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THB  NBBD  OP  A  PRBB  ASTRONOMICAI.  OBSBRYATORY. 


FLORBNCB  ARMITAOB. 


Why  among  all  the  noble  achievements  for  the  benefit  of  the 
masses  in  this  enlightened  age,  have  not  the  promoters  of  educa- 
tion and  science  established  a  free  Observatory  for  the  study  and 
advancement  of  that  most  grand,  elevating  and  enlightening 
science,  Astronomy  ? 

As  vice  is  mostly  due  to  ignorance  and  narrow-mindedness, 
would  it  not  be  achieving  a  great  purpose  if  the  ignorant  be 
aroused  to  the  fact  that  this  Earth  is  but  one  body,  aud  that  a 
very  small  one  of  many,  flying  through  space;  and  that  our 
short  life  here  is  not  given  us  to  live  for  the  gratification  of 
worldly  pleasures  but  for  perfecting  the  mind  in  so  far  as  we  are 
able,  and  that  the  more  highly  educated  the  more  capable  the 
mind  of  realizing  what  boundless  omnipotence  rules  the  universe 
including  all  the  starry  host? 

What  can  teach  this  better  than  Astronomy  ? 

Some  scoff  at  religion  and  demand  proof  of  the  existence  ol 
supreme  power.  What  can  illustrate  perfection  of  might  as  the 
wonderful  laws  which  govern  the  universe?  Not  night  or  day, 
weeks,  months,  years  or  centuries  fail.  Supremely  and  silently  all 
was  and  is.  What  can  more  grandly  illustrate  the  existence  of 
supreme  perfection  and  unchangeableness  ? 

We  can  and  mast  have  a  building  in  the  city  of  New  York 
where  telescopes  may  be  erected,  the  people  assembled  and  those 
of  learning  teach  the  elements  of  Astronomy. 

Consider  what  wonders  might  be  revealed  if  many  assisted  in 
unraveling  the  mysteries  of  time  and  space. 

Money  should  be  raised  to  perfect  this  plan  and  it  rests  with 
scientists  and  the  noble  minded  to  do  this  great  work. 

By  the  co-operation  of  the  readers  of  Popular  Astronomy, 
subscriptions  might  be  started  immediately  for  a  site,  buildings 
and  instruments. 


Johii  Tyndall,  the  eminent  physicist,  died  at  Haslemere,  Eng- 
land, Dec.  4,  1893.  Few  men  of  science  have  been  more  vridely 
or  favorably  known  than  he.  He  was  bom  Aug.  21,  1820,  af 
Leighlin  Bridge  near  Carlow,  Ireland.  In  January-February 
Physical  Review  ynX[  he  iound  a  good  brief  note  giving  a  sketch 
of  Professor  T3mdairs  life  and  work.  A  fine  small  portrait  makes 
the  frontispiece  of  the  same  number. 
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PLANET  NOTES  FOR  MARCH. 


H.  C.  WILSON. 


Mercury  during  March  will  be  passing  between  tbe  earth  and  the  Sun,  as  may 
be  seen  from  the  diagram  in  onr  last  number,  page  228.  For  the  first  two  orthree 
days  the  planet  will  be  visible  in  the  evening  jnsfc  after  sunset.  In  order  to  see  it 
one  must  look  toward  the  west,  just  a  little  above  the  horizon.  On  March  14,  2^ 
IS"*  A.  M.,  Mercury  will  be  in  conjunction  with  the  Sun,  and  after  that  time  it  will 
be  morning  planet. 

Venua  will  be  morning  star  and  rapidly  come  out  from  the  rays  of  the  Sun. 
She  win  increase  rapidly  in  brilliancy  so  that  none  can  mistake  her,  greatest  bril- 
liancy being  attained  on  the  22nd  of  March.  Venus  will  be  in  conjunction  with 
the  waning  moon,  12^  28'  north,  March  4  at  9^  39"  p.  m.  Central  time. 

Marg  rises  about  4  o'clock  in  the  morning  and  is  at  such  a  southern  declina- 
tion that  there  will  be  little  opportunity  for  observation  of  this  planet  in  northern 
latitudes  during  March.  It  is  in  the  constellation  Sagittarius  and  moving  east- 
ward. Mars  will  be  in  conjunction  with  the  Moon,  4°  44'  north,  March  1  at  11^ 
29"  p.  M.  and  again  March  30  at  11»»  38"  p.  m. 

Jupiter  will  be  in  good  position  for  observation  in  the  early  evening.  The 
position  of  this  planet  among  the  stars  is  shown  upon  the  Poole  Bros.'  map 
At  the  end  of  this  number.  Jupiter  will  be  in  conjunction  with  the  Moon,  4^  40^ 
:south,  March  11  at  2^  40"  p.  m. 

Saturn  rises  in  the  evening  and  will  be  in  good  position  for  observation  after 
midnight.  For  the  position  of  this  planet  in  the  constellation  Virgo  see  the  chart 
in  our  last  number.  Saturn  will  be  in  conjunction  with  the  Moon,  4®  24',  north, 
March  23  at  3^  01"  a.  m. 

Uranus  is  in  the  constellation  Libra,  southeast  from  Saturn  (see  chart  page 
230),  and  may  be  observed  after  midnight.  Uranas  will  be  in  conjunction  with 
the  Moon.  3*»  39^  north,  at  6>»  12"  p.  m.,  March  24. 

Neptune  will  be  in  good  position  for  observation  during  the  early  evening  in 
March.  The  position  of  this  planet  in  Taurus  is  shown  on  Poole  Bros.'  map  at 
the  end  of  this  number.  We  are  sorry  that,  by  the  process  used  in  reproducing 
the  photograph  of  the  Neptune  region  (Plate  XI  in  our  last  number),  more  than 
two-thirds  of  the  stars  shown  in  the  photograph  were  lost,  thus  destroying  to  a 
large  extent  its  value  to  the  amateur  who  might  use  it  as  a  means  of  finding  the 
planet. 

The  asteroid  Juno  is  in  the  constellation  Libra  about  G**  northeast  of  the  star 
p.  It  is  making  the  turn  of  the  loop  in  its  apparent  path  and  after  the  middle  of 
the  month  will  move  westward. 


Planet  Tables  for  March. 

[Tbe  thnet  t^Ttn  are  local  time  for  Northfldd.  To  obtain  Standard  Times  for  Places 
in  approzimatelT  tbe  tame  latitude,  add  tbe  difference  between  Standard  and  Local 
Time  It  west  of  tbe  Standard  Meridian  or  subtract  if  east]. 


MBRCURT. 

Date.                B.  A. 

Decl. 

Rises. 

Transits. 

Sets. 

1894.              b       m 

o        / 

b    m 

b      m 

b  m 

Mar.     6 28  61.8 

"    2  88 
--   0  02 

6  44  a.m. 

12  57.6  p.m. 

7  11  P.  M. 

16......28  27.0 

6  60    " 

11  68.7  4.  M. 

6  67    " 

26 28  06.7 

-    4  88 

6  09    " 

10  64.1     " 

4  40    " 
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VBNU8. 

Date.                K.A.                  Dccl.                Rtoes.  Transits.                      Seta. 

1804.              Iim                 •/             hm  hm  hm 

Mar.     5 21  20.5       -    7  36         4  64  a.  m.  10  27.0  A.  m.  4  00  p.  m. 

15 21  26.0       -    8  59         4  24    *•  9  52.0    "  8  20    " 

25......21  42.6       -    9  28         4  04    "  9  80.8    "  2  66    " 

MARS. 

Mar.     o 19  00.6       -23  16         3  42  a.m.  8  07.6  a.m.  12  33  p.m. 

16 19  81.0       -  22  32         6  31    "  7  58.5    "  12  26    " 

25 20  01.0       -  21  27         3  16    "  7  49.1    "  12  22    '* 

JUPITBR. 

Mar.     5......  8  32.4       4- 18  26         9  18  a.m.  4  37.8  p.m.  11  68  p.m. 

15 3  38.7       4- 18  49         8  43    "  4  04.8     "  11  27    " 

25 3  45.8       +19  15         8  09     "  8  82.6     "  10  57    " 

SATURN. 

Mar.     6 13  34.1       -    6  54         9  02  P.  M.  2  37.8  A.  M.  8  14  A.  M. 

15. 13  32.0       -    6  40         8  19     "  1  56.3    "  7  33     « 

25 13  29.6       -    6  24         7  86     "  1  14.6    "  6  68    " 

URANUS. 

Mar.     6 14  51.6       -  16  01       10  67  p.  m.  3  66.0  a.  M.  8  53  A.  M* 

16 14  50.8       -  15  58       10  16    **  3  14.9    "  8  13    " 

26 14  49.8       -  16  53         9  36     "  2  34.6    '<  7  33    " 

NBPTUNB. 

Mar.     6 4  37.8       +20  36       10  13  a.m.  5  43.0  p.m.  113  a.m. 

16 4  38.2       +  20  87         9  34    "  6  04.1    "  12  36    " 

26 4  38.9       +20  39         8  65    **  4  25.5    *'  11   56  P.  M 

THB  SUN. 

Mar.     5 23  05.0       -    6  51.       6  31a.m.  12  11.5  p.m.  6  62  p.  m 

15 23  42.2       -    1  55         6  13    "  12  08.9    "  6  05    " 

26 0  18.7       +    2  01         5  55    "  12  05.9    "  6  17    " 


Phases  and  Aspects  of  the  Moon* 

Centrml  Time, 

d  h   m 

Apogee Mar.  1  10  06  a.  m. 

New  Moon "      7  8  18  a.  m. 

First  Quarter "    14  12  28  p.  m. 

Perigee "    16  11  18  p.  m. 

Ptdl  Moon "    21  8  11  A.  M. 

Lart  Quarter "29  2  28  A.  M. 

Apogee "    29  6  42  a.  m. 


Approximate  Central  Standard  Times  -when  the  Great  Red  Spot 
-irill  cross  the  Central  Meridian  of  Jnpiter. 

Mar.   1  6  39  p.  m.  Mar.  12  10  46  P.  m.  Mar.  22  9  06  p.  m. 

3  12  26  A.  M.  18  6  88  "  23   4  68  '* 
8  8  18  p.  M.  15  12  26  A.  M.  24  10  46  '* 

4  4  10  "  16  8  17p.m.  26   6  37  " 

6  9  67  "  16  4  09  "  26  12  26  A.  M. 

6  7  49  "  17  9  56  **  27   8  17  P.  M. 

7  11  86  "  18  6  48  "  28   4  08  " 

8  7  28  "  19  11  35  "  29   9  66  *• 

9  8  19  "  20  7  27  "  30  6  47  " 

10  9  07  "  21  3  19  "  31  1186  " 

11  4  69  " 
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Jupiter's  Satellites  for  March. 


Pbmaea  of  the  Bclipaea  of  the  Satellites  for  sui  Inverting'  Telescope. 


III. 


II. 


IV. 


No  BcKpte. 


Condgaration  at  7^  ibr 

an 

Inverting  Telescope. 

Day. 

West 

Bast. 

1 

•4 

3- 

O                  2 

•1# 

2 

•43-                   1- 

02- 

3 

•3       -2    -4 

O          1 

4 

V  -3 

O        -4 

•2« 

5 

O           1-     ^.3         -4 

6 

2- 
•1 

O                              -8        -4 

7 

2 

O     1-                3- 

•4 

8 

O                  2 

4- 

9 

o  1- 

3- 

O     2- 

4- 

10 

•3       2- 

C        1                              4- 
O                 4- 

11 

•31- 

•2« 

12 


13  1 


•12- 


o 


14 

4- 

•2           O 

1-            3- 

16 

4- 

•1      03- 

•2 
2- 

16 

4- 

3- 

oi- 

17 

•4 

•3 

2-            O 

•1# 

18 

.4 

•3    1-20 

19 

•4 

O 

•?l     2- 

20  1 

1-  -4 

2-  O 

•3 

21 

•2 

o         i' 

3- 

22 

•1 

O     3-    2 

4- 

23 

3- 

O  1-    2- 

•4 

24 

3- 

2- 

O 

•4 

•1# 

25 

•3 

21-  O 

4- 

26 

O  -3    1         2 

4- 

27 

02- 

.1 

O 

•3     4- 

28 

•2 

O              1  4- 

3- 

29 

•1 

40      •2  3- 

30 

4-      3- 

O        1-     2- 

31 

4- 

3- 

2- 

•1    O 
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Phenomena  of  Jupiter's  Satellites. 


Mar.  1   12  13  P.M.  Ill     Tr.  In. 

2  21     *'  HI     Tr.  Eg. 

5  28     "  III  •Sh.  In. 

6  18     "  I  ♦()€.  Dis. 

7  28  "  III  •Sh.  Bg. 
9  46     "  I   •Be.  Re. 

2  3  27     "  I     Tr.  In. 

4  44     <*  I     Sh.  In. 

5  41     •'  I  •Tr.  Eg. 

6  67     ••  I   •Sh.  Eg. 

8  48     "  II  •Tr.  In. 
11  13     "  II     Tr.  Eg. 

11  21     ••  II     Sh.  In. 

3  1  44  A.  M.  II     Sh.  Eg. 

12  47     '*  I     Oc.  Dis. 

4  14  p.  M.  I     Ec.  Re. 

4  9  57  A.  M.  I     Tr.  In. 

11  12     "  I     Sh.  In. 

12  10  p.  M.  I     Tr.  Eg. 
1  26     "  I     Sh.  Eg. 

3  03     *•  II     Oc.  Ihs. 

5  28     **  II     Oc.  Re. 

6  87     "  II  •Ec.  Di«. 

7  64     "  II  •Ec.  Re. 

5  2  12  A.  M.  Ill     Oc.  Dis. 

4  20  '*  III  Oc.  Re. 
7  17  "  I  Oc.  Dis. 
7  29     "  III     Ec.  Dis. 

9  17  •'  III  Ec.  Re. 
10  43     "  I     Ec.  Re. 

6  4  26     "  I     Tr.  In. 
6  41     "  I     Sh.  In. 

6  40     "  I     Tr.  Eg. 

7  56  *•  I  Sh.  Eg. 
10  10  **  II  Tr.  In. 
12  35  p.  M.  II  Tr.  Eg. 
12  40     "  II     Sh.  In. 

3  03     '*  II     Sh.  Eg. 

7  1  46  A.  M.  I     Oc.  Dis. 
6  12     "  I     Ec.  Re. 

10  66  p.  M.  J     Tr.  In. 

8  12  10  A.  M.  I     Sh.  In. 

1  09     ••  I     Tr.  Bg. 

2  23     "  I     Sh.  Eg. 

4  24  •«  II  Oc.  Dis. 
6  49  "  II  Oc.  Re. 
6  65  •'  II  Ec.  Dis. 
9  12  "  II  Ec.  R^ 
4  26  p.  M.  Ill  Tr.  In. 
6  34     '•  III   •Tr.  Eg. 

8  16     "  I  'Oc.  Dis. 

9  29     "  III   •Sh.  In. 

11  30     "  III     Sh.  Bg. 
11  41     "  I     Be.  Re. 

9  6  25     •*  I     Tr.  In. 

6  39     •'  I   •Sh.  In. 

7  39     "  I   'Tr.  Eg. 

8  52  *•  I  •Sh.  Eg. 
11  32     '•  II     Tr.  In. 

10     1  67  A.  M.  II     Tr.  Eg. 

1  69     "  II     Sh.  In. 


Central  lime. 


Mar.lO     4  22  A.  M.  II     Sh.  Eg. 

2  46      ••  I     Oc.  Dis. 

6  10     ••  I  •Be.  Re. 

11  11  55     •*  I     Tr.  In. 

1  08  p.  M.  I     Sh.  In. 

2  08     "  I     Tr.  Eg. 

3  21     "  I     Sh.  Eg. 

6  45  "  II  •Oc.  Dw. 
8  10  •*  II  •Oo.  Re. 
8  14     "  II  •Ec.  Dis. 

10  31     "  II     Ec.  Re. 

12  6  25  A.  M.  Ill     Oc.  Dis. 

8  36     ••  III     Oc.  Re. 

9  16     "  I     Oc.  Dis. 

11  29     "  III     Ec.  Dis. 

12  39  P.  M.  I  Ec.  Re. 

1  18     "  III     Ec  Re. 

13  6  25  A.  M.  I     Tr.  In. 

7  37     "  I     Sh.  In. 

8  38     "  I     Tr.  Eg. 

9  50     "  I     Sh   Eg. 
12  64  P.  M.  II  Tr.  In. 

3  18     "  II     Sh.  In. 

3  19     "  II     Tr.  Eg. 

6  41     "  II  •Sh.  Eg. 

14  3  46  A.  M.  I     Oc.  Dis. 

7  08     "  I     Ec.  Re. 
16  12  54     •'  I     Tr.  In. 

2  05     "  I  Sh.  In. 

3  08     "  I  Tr.  Eg. 

4  19     "  I  Sh.  Eg. 

7  07  "  II  Oc.  Dis. 
9  32  "  II  Oc.  Re. 
9  32     •*  II  Ec.  Dis. 

11  49     "  II     Ec.  Re. 

8  41  p.  M.  Ill  •Tr.  In. 
10  16     "  I     Oc.  Dis. 
10  51     "  III  Tr.  Eg. 

1  30  A.  M.  Ill  Sh.  In. 

16  1  37     "  I     Ec.  Re. 

3  32     *'  III     Sh.  Eg. 

7  24  p.  M.  I  •Tr.  In. 

8  34     ••  I  •Sh.  In. 

9  38     "  I  •Tr.  Eg. 
10  48     "  I     Sh.  Eg. 

17  2  16  A.  M.  II     Tr.  In. 

4  36  **  II  Sh.  In. 
4  42     "  II     Tr.  Eg. 

7  00  "  II  Sh.  Eg. 
4  45  P  M.  I     Oc.  Dis. 

8  06     •*  I  •Ec.  Re. 

18  1  51     "  I     Tr.  In. 

3  03     "  I     Rh.  In. 

4  08  "  I  Tr.  Eg. 
6  16  "  I  Sh.  Eg. 
8  29     "  II  •Oc.  Dis. 

19  1  07  A.  M.  II     Ec.  Re. 

10  42     "  III     Oc.  Dis. 

11  15     "  I     Oc.  Dis. 

12  63  p.  M.  Ill     Oc.  Re. 

2  35     *•  I     Ec.  Re. 
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x    ^  *^  *-*-:>-  !•».  1  4n    *        I    at  ^. 

♦  -,-:-        :^:^  fii-n  -Tr.  ^;. 

^  V*    •        r    T'  £^  i;  rr    -       z:    at  e«- 

^  \^     *  r     ^h.  £^  2B     T  4a  ^  ■.        I     tjc  Z«^ 

>  ^:      •  n     >-  l*k  113*^  I     Sc  He 
2  ill  f.  «,      :r     Be.  i^                         »*>*•*  I     Tr-  £i^ 

Si  %  •  r::  Tr  :*.  r  :«*    *  i  Tr-  s^- 

^  w  -  ;::  Tr-  £«:  *  ;^    *  r  sh.  He- 

t  t2  -*  I  £«.  i^  u  rr  F. «.  a  'jc-  £>«. 

^  V,  ^  r:f  *rt.  :a-  5  :3    *  n  Be  k. 

7  %      *        ;;r     %ii-  £^  3*     2  IS  A.  M.        I     <jc-  Dw. 

>  i4  ^  »,        I     Tr   la-  5  1%     -        in     Tr.  ia> 
10  V.     -           I      *i-  Hi.  5  23»     -  I     Ec  Be 

::  w    *•        I    T--  E^r.  t  ar,    -      m    Tr-  Eg. 

f,  *A     ••  rr  Tr-  la.  i;  35     -  in  Sfc.  Eg. 

7   14     •*  n  Kl  l«-  11   24  p.  M.  I  Tr.  U. 

7  2^**  ir  7r,  Eif.  31  12  25  J.  M-  I  SL  la. 

*  '<:l{     ^  n     Sfc,  E^  1  38     -  I  Tr.  Es- 
<J  4.',  #',  K,  I  ♦^^  Obi^  2  38     -  I  Sh.  E^ 

10  01      -  I     £c  Er-                                  7  50     -  n  Tr.  Im. 

i^     ^  '^     **  I     Tr,  Im,                                   9  52     -  II  Sh.  la. 

4  Vl     "  I     S>i.  I«-  10  16     -  II  Tr.  B|f- 

^  i^     **  1   Tr  E<5-  12  16  p.  m.  II     Sk.  %. 

7  12*"  I*Sh-E5.                                 845-  I  •Oc  Dw- 

n   14     *"  n     Oc-  Im,  11   57     "  I     Ec^  Be 

%if9%^\n,  dttKfUM  in%rtm;  2^,  tgrtm;  Dm^  dinppcaraiicr;  Be.,  rempfKar- 
«M#'  K«,.  tthpttt,  (Jt.  dtnoU^  occnhatioo ;  Tr^  trassit  of  the  MteiHte;  Sfc., 
Ummmt  &fth€  •hMAfiw;  •  Vwbk  t  Wa»hipgton, 

A  Partial  UeUpmm  0f  tkc  Moon  win  occur  oo  March  21.  It  win  act, 
hffwetttr,  h$  rm\A€  in  the  Uoittd  8tat«  except  in  the  extreme  w««Um  p»tj art  a» 
ilNT  M//^#fl  i»  •rtting.  It  win  be  rw\Ae  in  Alaska,  the  Pacific  Ocean  and  Awu  At 
tiM  mUUik  f0f  the  cdipte  0,248  of  the  Moon's  diameter  win  be  obKored.  The 
MUminM  «r«  the  dements  of  the  edipse  as  giren  by  the  American  Epbtmerm: 

Or^^nwkh  memn  time  of  opposition  in  right  ascension  March  21, 1*  27»  17*.l. 
m^^m  ti&hi  sscensUwi 0^  03"  2V.38    Honriy  motion 9».10 

KVwixrjSS;;:.: mioj>  mw-    -    iom.* 

TIMBt  OF  THB  PHASES: 

Or.  ll«Mi  TlBM.  Otstrsl  TIbm.       Paclfle  Tlv*. 

Sw'k'llXt'te^^  1 20.6;;       8  20.6;:     erne;: 
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BtongtMonm  of  the  Satellites  of  Satum. 

[In  tbe  diagram  the  points  marked  0  are  thote  of  eastern  elongation  of  tbe 
tereral  aatellites.  Their  positions  at  intervals  of  one  day  after  eastern  elonga- 
tion are  indicated  by  the  symbols  Id,  2d^  etc.] 


^^""^    »,.  ^         ^ 


DUORAIC  OP  THB  APPARBHT  OrBITS  OP  SaTURN'S  SaTBLUTBS. 

MIMAS.  BNCBLADUS  Cont.  DIONB  Coht. 

h  h  h 

Mar.   2      3.2  ▲.  M.     B  Mar.  21      4.3  a.  m.     B      Mar.  22      9.2  P.  M.     B 

8  1.8  '*  B  22  1.2  P.  M.  B  25  2.9  "  B 
4  12.4  "  B  23  10.1  "  B  28  8.6  a.  m.  B 
4    11.0  p.  M.     B  26      7.0  A.  M.     B  81      2.2      **         B 

9  4.8  A.  M.     W  26      3.9  P.  M.      B  otit^a 

10  3.4      "         W  28    12.7  A.  M.     B  kuua. 

11  2.0      '*        W  29      9.6      "         B  Mar.   2      9  9  a.  m.     B 

12  12.6      "        W  30      6.6  p.  M.      B  6    10.3  P.  M.      B 
12    11.8  P.  M.    W  Apr.     1      3.4  A.  M.     B  11    10.7  A.  M.     B 

18  8.6  A.   M.       B  TCTUVQ  1^     ^1-^   P-   ^*      ^ 

19  2.8       "          B  TBTHYS.  20    11.5  A.  M.      B 

20  12.9      "         B  Mar.   2    11.9  a.  m.     B  24    n.a  p.  m.      B 

20  11.6  p.  II.     B  ^      ^'i                5  29    12.2      "         B 

21  10.1      "         B  «      f-6                B 

26  8.8  A.  M.    W  8      3.8      "         B  TITAN. 

27  2  6      **        W  10      1.1      '•         B  Mar.  4    12.9  p.  M.    W 

28  11      "        W  11    10.4  P.  M.     B  8      2.8      "         S 

28  11*7  P    M.     W  13      7.7      «*         B  12      9.9  a.  m.     B 

29  16.3      "        W  1ft      5.0      •'         B  16      74      "         I 

17      2.3      "         B  20    10.9      "        W 

BNCBLADUS.  19    11.6  a.  11.     B  24    12.9  P.  M.     S 

Wo*    1    i-iftm^^ti      R  21      8.9      "         B  28      7.9  a.m.     B 

\      ft  Q  AW*     R  33      0.2      "         B  Apr.    1      6.4      "         I 

O        O.W   A.    M.        iS  Oft        ft  ft        •(            P 

'        4      6.8  P.  M.     B  1°    ^'%      u         5  HYPERION. 

?    l?fi  ^•*'•      P  28    l5:i  P.  M.     E  Mar.   6      6.7  p.^k..    S 

ft      ii  ,>    *.       R  30      7.4      "         E  10    10.7      "         B 

.5     ?'t  ^-  ^'     5  ninMR  17     7.8  a.  m.     I 

10  6.3  A.  M.      B  DIONB.  ^2      2.6  p.  M.    W 

11  2.2  P.  M.     B  Mar.   3      6.5  p.  m.     E  26    11 8      "        S 

12  11.1      "         B  6    11.2  A.  M.      E  Apr.    1      4.0  a.  m.     B 
14      7.9  A.  M.      B  9      4.8      "         B  ^     \*^' 

16  4.8  P.  M.      B  11    10.6  P.  M.     E  lAPBTUS. 

17  1.7  A.  M.     B  14      4.2      ••         B  Feb.  28      1.0  a.  M     W 

18  10.6      "         B  17      9.9  a.m.     B  Mar.  19      9.9  p.m.     S 

19  7.5  p.  m.      B  20      3.6  A.  M.     E  Apr.     9      9.0  A.  M.     B 

Occnltations  Visible  at  Washins^n. 

IMMERSION  BMBR8ION 

Date               Star's  Maynl-    Waatdnir-    Ani^le  Waahinic-  Ancle 

1894.              Name.  tnde.       ton  m.  t.    f 'm  N  pt.  ton  m.  t.  f'm  N  pt.  Duration. 

Mar.    16    A  Cancri 6        14    tl         62  16    20       340       0    & 

18    37Leoni8. 6         16    49         67  16    14  10    26 

20    pT\tf^\% 4        10    62       173  11    40       269       0    57 
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Minima  of  Variable  Stars  of  the  Algol  Type. 

[OiTen  to  the  nearest  hour  in  CentrAl  Standard  Time  ] 


U   CEPHBI. 

R.  A 0*  52»  32« 

Decl H-Sl**   17' 

Period 2dll»>60'» 


R  CANIS  MAJ..  CoNT. 


Mar.    3 

7  a.  m. 

5 

7  p.m. 

8 

6  a.  m. 

10 

6  p.m. 

13 

6  a.  m. 

16 

6  p.m. 

18 

6  a.m. 

20 

6  p.m. 

23 

5  a.m. 

25 

5  p.m. 

28 

5  a.m. 

ALGOL. 

R.  A 

3>»    1»    1- 

Decl 

+  40°  32' 

Period 

2d  20»»49« 

Mar.    6 

4  a.m. 

9 

1    *• 

11 

10  p.  M. 

14 

7    •• 

17 

3    " 

20 

12  noon 

23 

9  a.m. 

26 

6    " 

29 

3    •• 

A  TAURL 

R.  A 

....  3»'54«35« 

Ded 

....  H-  12**  11' 

Period 

....3d22>»52» 

Mar.   1 

3  p.  M. 

5 

2    " 

9 

1     " 

13 

noon 

17 

11a.m. 

21 

9    *• 

25 

8    " 

29 

7    " 

R  CANIS  MAJORIS. 

R.  A 

....  7' 14"  30* 

ueci.*.....  .. 

....— 16°     IV 

Period 

.  ..Id   3*  16- 

Mar.   1 

10  P.  M. 

3 

1  A.M. 

4 

5    " 

5 

8    " 

6 

11     •* 

7 

2  P.M. 

8 

6     " 

9 

9     •» 

10 

12n]idn. 

12 

3  a.m. 

18 

7     " 

14 

10    •* 

16 

1  P.M. 

16 

4    •• 

17 

8    " 

18 

11     " 

20 
21 
22 
23 
24 
25 
26 
28 
29 
30 
31 


2  a.m. 

6  ** 
9     *» 

12  noon. 

3  p.m. 

7  " 

10  •* 
1a.m. 

4  *' 

8  " 

11  " 


S  CANCRL 

R.  A 8'*  ST""  39« 

Decl +  19°  26' 

Period 9</ 11*  38'" 

Mar.   6         I  p.  m. 

16  lA.  M. 

25  1  P.  M. 

S  ANTLI^. 

R.  A 9**  27"  30» 

Decl -  28°    09' 

Period Od  7»»  47" 


6  LIBRiS. 

R.  A 14*»  65™  06* 

Decl -     8°  05' 

Period 2cf07*»61" 

Mar.   1         6  A.  M. 
3  1  p.  M. 

6         9     " 
8  5  A.  M. 

10  Ip.  M. 

12  9     •* 

15         5  a.m. 
17       12  noon 
19         8  p.  M 
22  4  A.  M. 

24       12  noon 
26  8  p.  M. 

29  4  A.  M. 

31        11     •• 
U   CORON.E. 

R.  A 15»»13«43* 

Decl +  32°  03' 

Period Sd  10>»  61- 


Mar, 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


6  p.  M. 
12  midn. 
11  P.  M. 

11  " 

10  " 
9  " 
9     " 

8  •• 

7  ** 
7  •* 
6     *' 

6  •* 

12  midn. 
12     ** 

11  p.  M 

11  " 

10  * 

9  * 
9  ** 
H      *• 

7  " 
7  •• 
6  " 
5  •* 
5     ** 

12  midn. 

11  p.  M. 
11     *• 
10     ** 

9  •• 
9     •* 


Mar.  4 
7 
10 
14 
17 
21 
24 
28 


lA.M. 

1 2  noon 
11  P.M. 
10  A.  M. 

9  P.  M. 

7  a.m. 

6  P.  M. 
5  A.  M. 


U  OPHIUCHI. 

R.  A 17'>  10"  56* 

Decl +    1°2C/ 

Period Od  2i>»»  08" 

Mar. 


1 

2  A.  M. 

2 

10  P.  M. 

3 

6     ** 

4 

2      * 

5 

10  A.  M. 

6 

6     •• 

7 

2     '* 

7 

11   P.  M. 

8 

7     " 

9 

3    " 

10 

11  A.M. 

11 

7     •• 

12 

3    '• 

12 

11  P.M. 

13 

8     •• 

14 

4    " 

15 

12  noon 

16 

8  a.m. 

17 

4    ** 

17 

12  midn. 

18 

8  p.  m. 

19 

4    " 

20 

1     " 

21 

9  a.m. 

22 

5    •* 

23 

1     " 
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U  OPHIUCHI  CoNT. 
Mar. 


23 

9p.  M. 

24 

5  " 

25 

1  " 

26 

9  a.  m. 

27 

6  •' 

28 

2  " 

28 

10  P.  XI. 

29 

6  *• 

30 

2  " 

31 

10  A.  M. 

Y  CYGNI.  Y  CYGNI  Cont. 

R   A 20>»47»'4()'      Mar.   16  2A.it. 

l)tc\ -h  34^15'  17  2  p.m. 

Period ldll*57«  19  2  a.m. 

Mar.    2         2  p.  M.  20  2  P.  M. 

4  2  A.  M.  22  2  A.  M. 

5  2  p.  M.  23  2  P.  M. 

7  2  A.  M.  25  2  A.  M. 

8  2  p.  M.  26  2  P.  M. 

10  2  a.m.  28  lA.  M. 

11  2  P.  M  29  1  P.  M. 

13  2  a.m.  31  lA.  M. 

14  2  p.m. 


Teat  Objects  for  Small  Telescopes. 

[Prom  Clark  and  Sadler's  "Star  Onide."] 

Dividing  Tbsts. 

Nau«  of  ObJ«ct«.       R.  A  D«cl.         Dittanw         Posltloii  Mafcnl-       Apertur* 

Anirle.  tndes.  of  Uu6mom 

I,      TO  o        .  »  o 

14  Ononis 5    02  +    8    20  1.15  203  5.8    6.0  4 

4  Ljncis 6    12  +59    25  0.95  loi  6.2    7.5  5 

21333 9    n  -f35    56  1.69  42  6.7    7.0  3 

02  229 10    42  +41    42  0.84  330  6.5    7.5  6 

2  1606 12    05  +40    32  1.21  338  6.2    7.0  4 

Cor.  Bor.  i 15     14  +27     15  1.22  308  q.6    6.1  4 

^'Bootis .5  .0     +37  47  {,j:f     ;^  ;:«  '•')    6 

X  Ophiucht 16    25  +   2     14  1.65  44  4.4    5.4  3 

02  313 16    29  -1-40    21  0.99  152  7.0    7.6  5 

Cephei  83 20    59  +  5^     13  1.62  349  6.4    6.8  3 

Dbfining  Tbsts. 

^  Orionis 5    21  +    2    59  2.66  324  5.4    9.0  4 

42  Orionis 5    30  -    4    55  '-73  218  5.5    9.2  6 

X  Leunis 9    18  +  26    41        f  3.30  205  5.1  10.  n  6 

\io.  65  11.5/ 

49  Leonis 10    29  -f-   9    14  2.39  158  6.2    8.4  3 

84  Vii^ginis 13    37  +   4    07  3.56  234  5.7    8.0  3 

6Serpeiiti8 u     15  -j-    i    08  2.28  13  4.7    9.4  6 

n  DrHConis 16    22  -4-61    46  5.26  142  2.8    9.0  4 

08  Herculis 17     13  +33     H  4«4i  62  5.1  lo.i  5 

70  Ophiachi 18    00  +    2    32  2.05  20  4.3    6.2  3 

60  Cygni 20    57  +  45    42  2.71  165  5.5    9.5  5 

Space- Pbnbtratino  Tests. 

40  Cossiopeiae ....  i    29  4-72    27         53.3  237  6.0  10.9  $ 

X  Geminorum  ...  7     12  4-  16    45  9.5  33  3.5    9.8  3 

$  Cancri 8    25  +18    29         60.8  60  5.5  10.4  4 

*f  Cancri 8    38  +'8    37         42  113  5.011.8  6 

vUrsae  Maj 11     12  -1- 33    43  7.0  147  3.5    9.6  3 

/9  Bo5ti8 14    27  +30    52  53  334  3-611.7  <> 

5  Ursae  Min 14    28  +  76    12  56.4  129  4.8  10.5  4 

5  Serpentis 15     13  +    2     13  10.7  38  4.810.0  3 

54  Ophiuchi 17    29  f  13     15  21.6  75  6.0  ii.o  5 

no  Herculis 18    41  +20    26        (61.2  96  5.012.0)         6 

144.7  92  11.0/ 

Meteor.— On  the  evening  of  Decern l)er  30tb,  a  meteor  of  unusual  interest 
was  observed  br  two  Des  Moines  men.  It  was  first  seen  a  little  west  of  south, 
at  an  altitude  of  about  35^.  It  appeared  to  move  slijzrhtlj  east  of  north,  and 
stopped  in  the  northwest,  at  a  somewhat  lower  altitude  than  it  started.  The 
first  apfiearance  was  of  a  bri/atht  silverv  hue,  resembling  a  streak  of  lightning. 
The  luminous  train  remained  visible  while  they  walked  more  than  three  mocks— 
fully  five  minutes.  w.  a.  c. 
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Comparison  Stars. 


ComiMLrlson  Stars  for  Variables  of  L^ng  Period.* 


DCS. 


a.., 
b... 

d... 
c... 
f.... 


k... 
1.... 
m.. 
n... 
o... 
p... 
q... 
r... 

8... 


b.. 
c, 
d... 
c... 
f..., 


k... 
1.... 
m., 
n... 
o... 
p... 
q.., 
r... 
R.. 


b.. 
c. 
d.. 
c 
f... 


k.. 
1... 
R. 


a., 
b.. 
c. 
d., 

e 
f... 


SBoOtis. 


R.  A.  1900 
h 


Dm.  1900       Maff. 


I8.6 
24.0 
22.3 
12.4 
21.5 
21.0 
19.8 
18.9 
22.4 
21.7 

^H 
19.8 

19.3 
19. 1 

19.5 
19.9 

"95 


--53  59 

--53  45 

--54  10 

--53  56 

--53  32 

--53  55 

"54  I 

--54  21 

--54  17 

--54  13 

--54  20 

-54  " 

--54  19 
--54 
--54 

--54  10 

--54  17 

--54  16 


?i 


R  Camblopardi. 


1.6       A 

h!* 

20 

21.4       - 

-«4 

24 

Td   : 

-«4 

10 

-^ 

17 

3i.a       - 

-«4 

34 

45.«       - 

-84 

14 

30.8 

-84 

15 

28.8 

■5* 

23 

17.8       - 

■5« 

29 

31.3       - 

-84 

21 

22.5       - 

-84 

16 

\U    1 

tij 

12 
^7 

24.2 

-84 

II 

26.S    - 

-84 

12 

36.6    - 

.84 

14 

a4-9       H 

|-«4 

n 

R  IJRSiB  MINOBI8. 


31.3 

^H 
34.8 

33-6 
3, 

34-9 
33.6 
34.9 
31.0 
31.3 


2S.7 


--73 
--72 

--73 
--72 
--72 
--73 
--72 
--72 
-72 
-72 
+  72 

R  DRACONIg. 


28.1 
34.0 
25.0 
42.9 
40.8 

33-2 


+  67 
--68 
-67 
--68 
-67 
--66 


9 
II 

9 
44 
40 

I 
46 
22 
20 
14 
29 


16 

13 
16 

17 

9 

55 


7 

8 

8 

9 

9 
10 
10 
II 
II 
12 
12 
12 
13 
14 
14 
14 
15 
var. 


8 
8 
9 
9 

ID 
10 
II 
U 
12 
12 
«3 
13 
14 
14 
14 
15 

var. 


8 
8 
9 
9 

ID 
10 
10 
II 
II 
12 

var. 


R  Draconis  Cont. 


Dm. 


R.  A.  1900 

1I 


1.... 

m.. 
n... 
o... 
Pv 
q... 
r.., 

8..< 

t... 


X.. 

R. 


a., 
b.. 
c, 
d.. 
e., 
f... 


a., 
b., 
c. 
d.. 
e.. 
f... 

t 

k.. 


.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16. 

.16 

.16 


..20 
..20 
,.20 
.20 


..20 


tn.. 
n... 
o... 
p.. 
q.. 
r... 

8.. 

t.. 
T. 


...21 
...20 
...21 
...21 

...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 
...21 


30«2 
29.6 
31.0 
29.9 

31.4 
32.8 

32.4 
34.2 
32.6 

33-5 
33-3 
34-2 
32.6 
32.6 
32.6 
32.4 
S  Cyoni. 


Dec  1900 

o  # 

--67  34 

--67  I 

--66  56 

-■67  27 

--67  6 

-66  49 

--66  48 

-66  59 

-66  55 

-66  57 

--66  50 

-67  I 

-.  66  56 

-66  59 

--67  o 

--66  58 


..20 
..20 
..20 
..20 
..20 
..20 

20 

20 

k 20 

1 20 

m 20 

n 20 

o .20 

p 20 

q.. 
r.. 

8.. 

t.. 


2.6 
7.0 
1.4 
3-5 
2.3 
3-0 

3.6 

^i 

3-6 

n 

H 

3.6 
3.4 


--57  20 

-58  2 

--57  32 

--57  43 

--57  44 

-.57  40 

--57  37 

--57  32 

--57  36 

--57  40 

"57  48 

--57  49 

--57  45 

--57  39 

--57  47 

--57  43 

--57  41 

--57  43 

--57  42 


T  Cbphbi. 


40.5 

6.4 
0.4 

14.3 

11.9 

6.1 

3-7 

5-7 

lO.O 

9.1 
6.6 

7.2 

7.6 

6.4 

10.7 

9-7 
8.2 


-1-70  50 

--66  18 

--71  2 

--67  51 

--67  47 

r-67  56 

"67  44 

--68  12 

"67  35 

-.68  15 

--68  I 

--68  8 

--68  8 

--68  4 

--68  12 

--68  2 

--68  12 

-68  14 

-t-68  5 


Mag. 

I 

9 
09 
10 
10 
II 
12 
12 
12 

12 
13 
14 
14 
14 
15 

var. 


8 
8 
9 
9 

ID 
ID 
ID 
II 
II 
II 
12 
13 
13 
14 
14 
14 

"5 
«5 
var. 


6 
7 

I 

8 

8 

9 

9 
10 
10 

ID 

10 
II 
12 
12 
12 
var. 


•  Sec  Plate  accompanying  Mr.  Parkbiir8t'8  artidc  on  Variable  Star8. 
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8  Cbphbl 

A.  1900        Dec  1900       lia^. 
n  o      # 

50.9 
47- « 
P-7 

38.7 
34.3 
34.3 
40.7 
42.2 
36.a 
39-1 
35.0 

III 

37.8 
37.4 
37.7 
3^5 

R  CAtUOPBLS. 

a. as    3*6       +45    56         4 
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Brrata  in  January  number : 

Page  286,  last  line,  for  H.  A.  Parkhorst  read  J.  A.  Parkbnrst.  Pape  237  for 
Caaiopei«  read  CaaaiopeiA.  Page  287,  S  Caidopeis  star  c  for  Ded.  77^  62^  read 
Ded.  71''  62".  Pase  287  S  Cassiopeise  star  y  for  R.  A.  l^"  126»  i«ad  1^  12.6». 
Page  287  3rd  Une  from  top  for  Ded.  1800  read  Ded.  1900. 


PRACTICAL  SUGOB8TIONS. 


Persons  interested  in  the  topics  appropriate  to  this  comer  are  requested  to 
write  briefly  and  frequently  for  it. 

18.  Why  do  Astronomers  think  that  the  white  spots  about  the  poles  of  the 
planet  Mars  are  snow  or  ice  ?  g.  b.  d. 

Atmwer:  In  connection  with  this  question  it  was  noted  by  the  querist  that 
the  tdescope  shows  a  change  in  size  of  these  white  patches  during  the  seasons  of 
winter  and  summer  on  the  planet  Mars.  This  is  the  main  reason  why  it  is 
thought  that  the  patches  consist  of  ice  and  snow.  It  might  be  added  that  some 
good  obsenrers  hare  seen  indications  on  the  surfoce  of  tlie  planet  that  might  be 
explained  by  supposing  that  a  £Edl  of  snow  had  coTcrcd  a  considerable  area. 
No  astronomer  would  fed  himself  justified  from  his  obseryations,  or  what  he 
knows  of  the  surface  of  the  planet,  in  assigning  snow  or  ice  as  the  cause  of  these 
white  spots.  Other  plausible  reasons  could  be  asngned.  Some  obsexrers  have 
intimated  that  clouds  in  the  planet *s  atmosphere  might  produce  the  appearance 
obserred.    This  explanation  does  not  seem  as  satisfiEurtory  as  the  former  one. 

14.  Prom  appearance  in  obserration  the  atmosphere  on  Mars  contains  less 
douds  than  that  of  the  Earth.  If  capadty  for  heat  depends  on  the  vapor  in  the 
atmosphere,  how  is  it  that  the  temperature  of  the  planet's  surface  seems  so  hiffh 
compaiYd  to  that  of  the  Earth,  notwithstanding  its  greater  distance  from  the 
Sunr  G.  B.  D. 

iinswier;  We  are  not  aware  that  obsenrers  are  agreed,  or  generally  think, 
that  douds  are  less  in  the  atmosphere  of  Mars  than  in  our  own.  That  would  be 
an  impossible  thing  to  determine  by  observation  at  the  distance  of  Mars  if  we 
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remember  that  our  clouds  do  not  run  probably  mucha1)ove  two  miles  in  height  on 
the  average,  except,  as  it  might  be  inferred,  that  certain  changes  in  color  of 
surfiace  markings  are  due  to  the  presence  of  clouds.  It  is  probable  that  the 
density  of  the  atmosphere  of  Mars  is  less  than  that  of  the  Earth,  the  spectro- 
scope also  indicates  that  there  is  watery  vapor  in  the  atraonphere  of  Mars. 
From  all  that  is  known,  or  may  be  fairly  inferred  by  analogy,  we  would  say  the 
temperature  of  Mars  ought  to  be  much  lower  than  that  of  Barth.  But  if  ap- 
pearances are  not  misleading,  water  on  its  surface  does  not  freeze  except  in  the 
region  of  the  poles.  If  Barth  were  viewed  from  Mars,  it  is  plain  that  the  polar 
white  caps  would  be  much  larger  than  those  of  Mars  are. 

Astronomers  do  not  give  any  reason  for  this  unexpected  difference  in  surface 
temperature  on  the  planets.    There  is  no  known  explanation. 

15.  I  believe  Goodsell  Observatonr  of  Carleton  College  is  one  of  the  oldest, 
west  of  the  Mississippi.    When  was  it  founded  ?  m.  w. 

Answer :  If  memory  serves  us  rightly  some  other  Observatories  antedate 
Goodsell  Observatory.  This  observatory  was  built  in  the  summer  of  1877.  It 
began  its  public  time  service  in  October  of  the  same  year.  The  first  electrical 
time  signal  was  sent  out  at  noon  October  23, 1877. 

16.  As  Venus  has  been  approaching  the  Barth  and  growing  brighter  with 
less  and  less  illuminated  disc  turned  towards  us  ever  since  the  time  of  superior 
conjunction  with  the  Sun  last  June,  why  are  we  not  to  expect  the  maximum 
brilliancy  at  its  inferior  conjunction  (Feb.  16.)  instead  of  about  Jan.  10.    w.  B.  h. 

Answer:  Because  after  Jan.  10  the  decrease  of  the  illuminated  portion  of  the 
disc  will  be  more  rapid  than  the  apparent  increase  in  area,  due  to  the  approach 
of  the  planet  to  the  earth.  If  the  reader  will  refer  to  the  diagram  on  page  228 
(January  number)  he  will  see  that  for  the  last  two  months  Venus  has  been 
approaching  the  earch  rapidly  and  turning  the  illuminated  half  away  but  slowly. 
During  January  the  rate  of  approach  to  the  Barth  diminished  greatly,  while  the 
illuminated  half  of  the  disc  was  turned  away  more  and  more  rapidly. 

17.  In  the  planet  notes  in  the  December  number  of  Popular  Astronomy  it 
is  said  that  the  orilliancy  of  Venus  on  Jan  10.  is  218  as  compared  with  145  on 
Dec.  1.    What  do  these  numbers  mean  ?  a.  b.  r. 

Answer:  The  unit  of  light  for  a  planet  is  the  amount  of  light  received  by  an 
eye  f^om  a  circular  disc  with  same  albedo,  or  reflecting  power,  as  the  planet, 
subtending  an  angular  radius  of  one  second  of  are,  situated  at  the  Barth 's  dis- 
tance from  the  Sun,  and  illuminated  by  the  latter  as  the  disc  of  the  planet  is 
illuminated.  The  light  of  the  planet  on  Dec.  1.  was  equal  to  that  from  146  such 
discs,  and  that  on  Jan.  10  to  the  light  from  218  discs  thus  illuminated.  On 
March  1  the  brilliancy  of  Venus  will  be  107,  and  on  March  22  it  will  be  204  on 
the  same  scale. 

18.  If  practical  will  you  kindly  descril)e  proc*'ss,  through  Popular  Astron- 
omy for  photographing  celestial  bodies  with  a  kodak  and  visual  telescope  ?    s. 

Answer:  We  fear  that  the  lens  of  a  kodak  will  be  too  small  to  be  of  use  in 
photographing  stars.  As  to  the  process  of  using  a  camera  with  a  visual  tele- 
scope we  can  do  no  btrtler  than  refer  to  the  article  **  Astronomy  with  the  Small 
Camera,"  by  H.  C  Wilson  in  our  first  number. 

19     How  may  an  observer  determine  longitude  on  the  Sun  ?  s. 

Answer:  It  would  take  a  long  at  tide  to  answer  this  query,  and  we  have  one 
in  course  of  preparation.  For  the  present  we  will  say  that  the  period  of  rota- 
tion of  the  Sun,  as  adopted  at  Greenvrich  is  25.38  days.  The  heliographic  longi- 
tude oi  the  center  of  the  Sun's  disc  therefore  changes  (diminishes)  on  an  average 
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130  12^  each  day.  According:  to  the  reckoning  nsuallj  adopted  the  longitude  of 
the  San*t  center  on  Jan.  t.  .1894,  at  noon  central  time,  was  280^  20^.  On  Feb.  1, 
at  noon  it  will  be  232^  07'.  Feb.  6. 179^  27'.  Feb.  10, 113^  37'.  etc.  Spots  at  the 
center  of  the  Sun's  disk  on  these  dates  will  have  the  longitudes  noted,  those  west 
of  the  center  greater,  those  east  less  longitudes. 

20.  (1).  Please  give  a  few  tests  for  dividing  and  penetrating  powers  of  a 
four  inch  glass  with  power  72.  (2).  Ought  it  to  show  anv  moons  of  Uranus  ? 
(3).  How  man^  of  Sutnm  ?  (4).  How  many  stars  ought  it  to  show  in  the 
trapezium  of  Onon  ?  s. 

Answer:  (1).  See  table  '*Test  objects  for  small  Telescopes**  elsewhere  in 
this  number.  (2).  No.  (8).  Five;  Japetus,  Tilan,  Rhea,  Tethys  and  Dione. 
(4).    Five;  possibly  the  sixth  on  best  nights. 

21*  What  sized  prism  having  an  angle  of  90^  w(mld  be  required  for  a  spec- 
troscope with  %-inch  lenses?  w.  j.  t. 

Answer:  A  single  prism  of  glass  with  a  refracting  anirle  of  90^  will  not 
transmit  light.  A  compound  prism,  with  90^  prism  of  flint  glass  and  two  crown 
glass  prisms  of,  say,  20^  each,  would  have  to  measure  about  2  inches  on  the  face 
of  the  flint  glass,  or  2.83  inches  on  the  base.  A  60^  single  prism  for  the  same 
spectroscope  should  have  a  face  of  about  IV^  inch.  In  either  case  the  height, 
measured  along  the  refracting  edj^e,  need  not  much  exceed  %  inch.  Smaller  prisms 
may  be  used  if  the  loss  of  a  little  light  is  not  of  much  consequence.        j.  B.  k. 


GHNBRAL  NOTBS. 


Jena  Discs.— Mr.  J.  A.  Brashear  has  secured  the  beautiful  23-inch  discs 
which  were  exhibited  by  1  he  Jena  Optical  Glass  makers  at  the  Columbian  Expo- 
sition, and  will  proceed  to  make  an  objective  from  them  which  will  be  at  the  com- 
mand of  astronomers  desiring  such  an  objective. 


We  are  pleased  to  call  attention  to  a  brief  article  by  Miss  Armitage  of  New 
York  City  on  the  benefits  of  a  public  Observatory.  The  idea  is  an  excellent  one. 
If  the  great  daiHes  of  America's  great  city  would  unitedly  take  hold  of  this 
matter,  great  things  worthy  of  a  good  cause  would  speedily  follow. 


Venus  by  Daylis^ht.— Mr.  W.  Dearden   of  Trinidad,   Colorado,   writes 
that  Venus  is  very  easily  seen  as  it  crosses  the  meridian  of  that  place. 


No  new  comets  have  been  discovered  since  October  of  last  year.  Brooks 
comet  c  1898  is  still  visible  in  our  16-inch  telescope  but  is  very  faint  and  probably 
out  of  the  reach  of  amateurs. 

Holmes'  comet  1892  III  has  just  past  opposition  but  so  far  as  we  know  has 
not  been  seen.  When  last  seen  nearly  a  year  ago  it  was  very  faint  and  diffuse  and 
unless  a  new  outburst  like  that  in  January  1893  should  occur  there  will  be  no 
hopeof  seeing  it  now.  On  the  night  of  Jan.  12,  1894  we  took  a  photograph  of 
the  region  in  which  the  comet  should  be,  giving  an  exposure  of  an  hour  with  the 
new  6-inch  camera.  There  is  a  slightly  oval  stain,  20'  in  diameter,  on  the 
negative,  just  where  the  comet  ought  to  be.  It  has  no  central  condensation  and 
is  so  suspiciously  like  a  dirty  water  stain  that  we  hesitate  to  say  anything  about 
it  without  verification,  which  last  is  impossible  until  the  Moon  is  out  of  the  way. 
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Face  of  the  Sky*— Inasmuch  as  the  appearance  of  the  sky  for  Pebmary  is 
presented  in  chart  form  in  the  present  nmnber,  it  is  unnecessary  to  publish  a  de* 
scriptiye  article  on  that  subject  as  has  been  done  in  the  earlier  numbers. 


Changee  In  Tables  of  Phenomena.— So  many  of  our  foreign  subscrib- 
ers have  requested  that  we  change  the  tables  of  phenomena  so  as  to  include  their 
localities  that  we  have  this  month  tried  to  give  all  of  those  phenomena  whos^ 
times  of  occurrence  are  absolute,  that  is,  independent  of  the  position  of  the  ob- 
server. 

It  would  be  manifestly  impossible  to  give  the  Central  Standard  times  or  Green- 
wich times  of  the  rising  and  setting  of  the  planets  for  all  places,  since  these  depend 
upon  the  horizon  of  the  observer.  Our  tables  give  the  local  (not  Standard)  times 
of  rising  and  setting  for  Goodsell  Observatory,  latitude  44^  27'.7,  and  will 
answer  practically  for  all  places  within  10^  of  the  same  latitude.  The  reader  has 
simply  to  apply  the  difference  between  local  and  standard  time  at  his  own  place 
adding  this  difiference  if  west,  substracting  if  east  of  the  standard  meridian,  the 
time  of  which  is  used. 

The  times  of  occuHations  cannot  be  given  except  for  very  small  districts,  the 
parallax  of  the  Moon  being  so  great  that  a  change  of  only  a  few  miles  will  mater- 
ially change  the  times  of  beginning  and  ending.  The  data  for  computing  the 
times  of  occultations  are  given  in  any  of  the  national  nautical  almanacs.  Those 
who  wish  to  make  a  specialty  of  observing  occultations  will  do  well  to  get  one  of 
these  almanacs,  the  American  Epbemeris,  the  Nautical  Almanac^  Coaoaissance  de 
TempSf  Berliner  Jabrbacb,  Annuaire  de  Braxelles,  etc. 

All  the  other  phenomena  we  will  give  in  Central  Standard  time  of  the  United 
States  which  is  just  6  hours  less  than  Greenwich  time.  In  the  United  States  the 
reader  hps  to  add  or  substract  one  or  two  hours,  according  as  he  uses  Eastern, 
Mountain  or  Western  time.  Foreign  readers  will  add  6  hours  to  obtain  Green- 
wich time,  then  subtract  their  longitude  if  reckoned  west,  add  if  reckoned  east 
from  Greenwich. 


Gold  Medal  for  Professor  Bomham.— Cablegrams  from  London  announce  the 
award  of  the  Gold  Medal  of  the  Royal  Astronomical  Society  to  Professor  S.  W. 
Bumham  of  the  University  of  Chicago  for  his  discoveries  and  micrometrical 
measures  of  double  stars  and  for  his  researches  on  the  orbital  motions  of  Binary 
Systems.  This  news  is  especially  welcome  to  American  astronomers,  and  will  be 
favorably  received  throughout  the  scientific  world,  for  no  observer  either  living 
or  dead  has  contributed  more  to  this  important  branch  of  modern  astronomy 
than  has  Professor  Bumham,  whose  discoveries  of  new  and  very  close  pairs  have 
created  an  epoch  in  the  history  of  Double  Star  Astronomy.  The  discovery  of 
double  stars,  begun  by  Sir  William  Herschd  more  than  a  century  ago,  and  since 
continued  by  William  and  Otto  Struve,  Herschel  and  Msedler«  Dawes  and  Dem- 
bowski,  was  regarded  twenty-five  years  ago  as  practically  exhausted.  But  the 
genius  of  Bumham  working  with  only  a  six-inch  telescope  soon  brought  to  light 
hundreds  of  close  pairs  never  before  detected,  and  opened  the  way  to  later  dis- 
coveries of  priceless  value.  Professor  Bumham  afterwards  secured  for  a  time  the 
use  of  the  Dearborn  18-inch  refi'actor,  and  the  Madison  16-inch,  and  thus  ex- 
tended the  list  of  measures  and  new  discoveries.  His  work  at  the  Lick  Observa- 
tory is  too  recent  to  need  reealling  to  the  readers  of  this  Jonmal,  but  it  may  not 
be  inappropriate  to  remark  that  his  own  stars  now  number  nearly  1800,  and  in- 
clude the  most  rapid  and  interesting  pairs  in  the  heavens. 
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It  18  understood  that  these  stars  will  be  made  the  object  of  special  attention 
at  the  Yerkes  Observatory,  and  that  they  will  be  carefully  followed  until  their 
orbits  are  accurately  known.  Professor  Bumham's  catalogue  of  his  new  stars 
and  his  general  catalogue  of  all  the  important  stars  in  the  northern  hemisphere 
are  to  be  printe<I  among  the  first  volumes  issued  by  the  Yerkes  Observatory,  and 
win  constitute  works  on  Double  Star  Astronomy  which  are  destined  to  be  ''acre 
perennius.** 

The  high  honor  conferred  upon  Professor  Burnham  is  a  tribute  to  pure  science 
which  vrill  be  fully  appreciated  by  all  American  astronomers,  but  it  is  especially 
gratifying  to  the  intimate  friends  of  this  modest,  unselfish  and  renowned  ob- 
server. 

Other  American  astronomers  who  have  received  this  Medal  of  recent  years 
are: — Professor  Simon  Newcomb,  Professor  Asaph  Hall,  Dr.  B.  A.  Gould,  Profes- 
sor £.  C.  Pickering,  and  Dr.  G.  W.  Hill.  Last  year  the  Gold  Medal  was  awarded 
to  Dr.  H.  C.  Vogel,  and  the  preceding  year  to  Professor  G.  H.  Darwin. 


A  Public  Observatory  for  Bo«toBU— The  Boston  Transcript,  Jan.  10, 
gives  an  account  of  a  meeting  of  the  Boston  Scientific  Society  which  has  just  been 
discussing  the  advisability  of  building  a  public  Observatory.  Mr.  J.  Ritchie 
favors  it.  So  also  P.  S.  Yendell,  £.  P.  Sawyer,  and  A.  Lawrence  fiotch,  who 
briefly  noted  the  present  status  of  "  Urania  *'  in  Berlin. 

Dr.  S.  C.  Chandler  presented  a  paper,  the  line  of  argument  being  that  an  in- 
stitution of  that  nature  would  have  its  value  as  a  scientific  missionary  feature. 
An  important  consideration  is  the  encouragement  and  stimulation  of  beginners, 
who  have  not  at  the  present  time  the  Opportunity  to  enter  the  domain  of  astron- 
omy. 

In  his  opinion,  if  this  object  could  be  accomplished,  it  would  be  the  noblest 
outcome  of  such  an  institution.  The  astronomer  has  a  distinct  duty  towards  the 
informed,  intelligent  citizens,  whose  sole  means  of  getting  proper  ideas  lie  in 
popular  lectures  and  statements,  who  should  not  be  misled  by  information  from 
those  institutions  or  lecturers,  where  popular  reputation  is  unworthily  valued 
above  the  esteem  of  scientific  men  and  real  value  in  work.  Dr.  Chandler  ex- 
pressed it  as  his  opinion  that  in  competent  hands,  with  a  moderate  expenditure, 
not  only  could  the  public  taste  in  this  department  be  appeased,  but  the  science  of 
astronomy  could  be  advanced  in  a  way  which  is  very  much  needed,  for  the 
astronomy  of  this  country  is  peculiar. 

Properly  orgcmized  and  administered,  it  would  be  a  lasting  credit  to  this 
community.  That  it  could  be  so  organized  and  economically  administered,  if  it 
had  a  moderate  endownment,  he  thought  there  could  be  no  reasonable  doubt, 
and  no  more  worthv  wa^  in  which  a  popular  want  could  be  met  and  science 
benefited  than  by  a  financial  provision  for  its  needs,  small  indeed  when  compared 
with  the  amounts  frequentljr  lavished  in  other  directions  for  the  encourage- 
ment of  science  and  the  arts  in  our  native  dty. 


Remarkable  Sttn  Spots.— Mr.  Martin  Winger  of  Brooklyn  Village,  Ohio, 
has  given  us  the  following  list  of  remarkable  sun  spots. 

Jan.  21st,  1892,  Visible  with  naked  eye. 

Feb.  6th,  1892,        "        *•         "        ^' 

Feb.  10th,  1892,      "        "         "         " 

Jan.  21st,  1893,  '\^sible  in  opera-glass. 

Feb.  6th,  1893.        "      " 

Feb.  26th,  1893,      "      "  " 

Aug.  9th,  duster  of  spots  plainly  seen  with  naked  eye. 

Also,  Aug.  19th  and  dOth,  Sept  Srd,  4th,  6th  and  28th.  Oct.  12th  to  19th 
laigc  n>ots  were  observed  with  4^inch  Clark  telescope.  Oct.  24th  and  26th 
spots  visible  with  naked  eye.  Dec  7th  and  8th  spots  plainly  seen  with  fidd-glass. 
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Jupiter's  Satellites  in  1664. 

I  have  brouf^bt  to  the  notice  of  three  astronomers  an  interesting  letter  of 
John  Winthrop  (the  second  of  that  name),  written  in  1664  to  Sir  Robert  Moray » 
in  which  Winthrop  declares  that,  "  having  looked  upon  Jnpiter  with  a  telescope,  *' 
Angnst  6,  1663  (old  style),  he  "  saw  five  satellites  very  distinctly  about  that 
planet. "  He  reports  the  observation  with  natural  distrust,  lest  it  should  be 
"  a  mistaken  novelty. "  As  the  letter  (which  is  printed  in  the  Proceedings  of  the 
Massachusetts  Historical  Society  for  June,  1878,  p.  220)  had  never  been  noticed 
by  the  three  astronomers  above  mentioned,  I  make  the  following  extract  from  it 
for  the  entertainment  of  other  scientific  antiquaries  among  your  readers.  If  any 
one  knows  what  has  become  of  Winthrop's  astronomical  "tube,"  perhaps  he 
will  inform  you.— Yours  respectfully,  D.  C.  Gilman. 

John  Hopkins  University, 

Baltimore,  Md  ,  December  22, 1893. 

John  Winthrop  to  Sir  Robert  Moray. 

Haripord,  Tan:  27, 1664. 

In  my  former  I  gave  your  honor  an  account  of  the  favor  I  had  of  your  letter 
by  the  Hon.  Colonell  Richard  Nicolls.  I  then  omitted  to  acquaint  your  honor 
what  now  I  will  be  bold  to  add:  that  havinge  looked  upon  Jupiter  with  a  Tele- 
scope, upon  the  6th  of  August  last,  I  saw  5  (?)  Satellites  very  distinctly  about 
that  Planet:  1  observed  it  with  the  best  curiosity  I  could,  taking  very  distinct 
notice  of  the  number  of  them,  by  several!  aspects  with  some  convenient  tyme  of 
intermission;  &  though  I  was  not  with  out  some  consideration  whether  that 
fifth  might  not  be  some  fixt  starr  with  which  Jupiter  might  at  that  tyme  be  in 
neare  conjunction,  yet  that  consideration  made  me  the  more  carefully  to  take 
notice  whether  I  could  discerne  any  such  difference  of  one  of  them  from  the  other 
foure,  that  might  by  the  more  twinckling  light  of  it  or  any  other  appearance  give 
ground  to  believe  that  it  miffht  be  a  fixed  starr,  but  I  could  discerne  nothing  of 
that  nature :  and  I  consider  that  the  tube  with  which  I  looked  upon  them,  though 
so  good  as  to  shew  very  cleardy  the  Satellytes,  yet  was  but  of  3  foote  and  halfe 
with  a  concave  ey-glasse;  and  I  question  whether  by  a  Carre  better  tube  a  fixt  star 
can  be  discerned  so  near  the  body  of  that  planet  when  in  the  ever  bright  activity 
of  its  light,  tor  if  so,  why  are  there  not  often  if  not  alwa^res  scene  with  the  best 
tubes  the  Uke  or  more.  Is  not  Jupiter  often  in  neere  conjunction  with  them,  es- 
peci^y  in  via  lacteal 

I  have  been  in  much  doubt  whether  I  should  mention  this,  which  wonld  possi- 
bly be  taken  from  a  single  affirmation  but  a  mistaken  novelty;  but  I  thou^^ht  I 
would  rather  beare  such  sensure  than  omit  the  notice  of  it  to  such  worthy  fhends 
as  might  from  the  hint  of  it  take  occasion  to  cause  more  frequent  observations  to 
be  made  upon  that  planet,  &  at  least  this  will  at  length  be  cleared,  whether  the 
light  of  Jupiter  dotn  not  take  away  the  appearance  of  fixed  Starrs  so  neere  in 
conjunction  with  it»  as  that  they  should  appear  within  the  periphery  of  that  sin- 
gle iiJtoitas  by  a  tube  which  taketh  in  the  body  of  Ju^nter  and  that  at  the  same 
unmoved  aspiect:  and  I  am  bold  the  rather  to  mention  this  as  an  inquiry  whether 
any  such  number  of  Satellites  or  Moons  hath  beene  scene  by  your  honor  or  Mr. 
Rooke  or  any  mathematitians  or  other  gentlemen  that  have  good  tubes  and  often 
have  the  curiosity  to  view  the  planet,  for  possibly  it  may  be  new  to  me  which 
hath  beene  more  usually  knowne  by  others,  though  the  notion  of  such  a  thinge  is 
not  new  to  my  selfe,  for  I  remember  I  mett  with  the  like  narration  many  years 
since  in  a  little  booke  intituled  Philosophia  Naturalisper  Joh.  Phodliden,  though* 
then  I  thought  that  was  but  a  mistake  of  some  fixed  Starrs.*'— //af/on,  Jan.  11, 
1894. 


Yerkes  Telescope.— Special  attention  is  called  to  the  plate  accompanying 
Mr.  Brashear*s  article.  It  is  ot  general  interest  in  that  it  shows  the  evolution  of 
a  telescope  lens,  and  of  special  interest  as  it  is  the  great  lens  known  and  talked  of 
the  world  over. 
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PLATE  XVI. 


Photograph  of  the  Full  Moon, 

Taken  nv  A.  G.  Sivaslian,  with  the  8-in'ch  Equatorial  ok   Goodsell 

Ohskrvatory,  1893,  Dec.  22,  10"  18'"  Ce.ntral  Time. 

Bnlarged  in  the  Telescope  about  3*4  Diameters.    Expoxurc,^  Second. 

Popular  Astronomy,  March,  1894. 
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THBMOON.    II. 

WM.  W.  PAYNB. 


In  the  September  number  of  this  jottmal,  page  18,  reference  is 
made  to  the  adyanceraent  of  Astronomy  during  the  time  of  Aris- 
tarchns,  Hipparchns  and  Ptolemy.  So  much  interest  attaches  to 
the  period  in  which  these  men  lived  and  worked,  that  more  ought 
to  be  said  about  them  before  we  go  on  with  the  later  studies  of 
the  Moon,  although  all  that  we  shall  notice  is  matter  of  history 
within  the  reach  doubtless  of  many  of  our  readers. 

Aristarchus*  of  Samos  (320-250  B.  C.)  was  a  member  of  the 
Alexandrian  school  of  Greek  philosphy  in  which  ancient  astron- 
omy made  great  advancement.  Progress  at  this  time  was  largely 
due  to  the  use  of  superior  instruments  and  to  systematic  work  in 
observation.  He  was  the  first  astronomer  of  marked  ability  in 
this  school,  and  his  recognition,  as  such,  chiefly  grew  out  of  the 
fact  that  he  first  proposed  the  heliocentric  theory  (Sun  at  the  cen- 
ter) of  the  solar  system,  similar  to  that  taught  by  Copernicus 
later,  although  the  new  theory  was  not  accepted  by  astronomers 
at  this  time.  He  also  determined  the  distances  of  the  Sun  and 
Moon  from  the  Earth  by  very  ingenious  methods.  He  found  the 
distance  of  the  Moon  to  be  fifty  six  times  that  of  the  radius  of 
the  Barth,  and  that  of  the  Sun  nineteen  times  as  great  as  that  of 
the  Moon  from  the  Barth.  By  his  measures  the  diameter  of  the 
Moon  was  2^,  and  the  Sun's  parallax  was  3  minutes  of  arc  in 
value.  We  now  know  that  the  Moon's  distance  from  us  is  about 
60  times  the  Earth's  radius,  that  the  distance  of  the  Sun  is  about 
390  times  that  of  the  Moon,  that  the  Sun's  parallax  is  8.8  sec- 
onds of  arc  nearly,  and  that  the  angular  diameter  of  the  Moon  is 
31'.  In  first  reading  we  wonder  at  these  great  errors  of  value  in 
almost  every  instance  given  above,  and  ask  ourselves  if  such 
work  was  the  best  that  astronomers  of  this  period  could  do. 
These  instances  fairly  indicate  the  degree  of  precision  which  as- 
tronomy had  reached  in  obtaining  fimdamental  data  for  the  sci- 
ence in  these  times.  It  can  now  be  said  that  Aristarchus,  in 
obtaining  the  above  erroneous  results,  was  right  in  principle  and 
*  Neison's,  The  Moon,  page  82. 
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method.  He  was  correct  in  principle  and  even  ingenious  in 
method.  He  failed  to  get  better  results  because  his  appliances 
were  rough  and  unequal  to  the  delicacy  of  measure  required. 
Considering  the  nature  of  his  instruments  the  values  obtained  by 
his  observations  were  the  best  and  the  most  delicate  that  could 
be  certainly  expected.  Although  his  solar  parallax  was  20  times 
as  large  as  it  should  be,  no  one  could  then  improve  it,  and  it  was 
adopted  by  Ptolemy  and  thought  to  be  the  correct  value  for 
twenty  centuries  afterwards. 

Erastosthenes  (276-196  B.  C.)  took  up  the  work  and  tried 
to  obtain  the  size  of  the  Earth  by  observing  the  difference  of  zen- 
ith distance  of  the  Sun  at  two  different  places.  He  made  the 
radius  of  the  Earth  5000  miles,  the  distance  of  the  Moon  98,000 
miles  and  the  distance  of  the  Sun  100,000,000  of  miles. 

Hipparchus  (190-120  B.  C),  however,  was  the  ablest  obser- 
vational astronomer  of  this  period.  He  discovered  the  elliptical 
nature  of  the  Moon's  orbit,  found  its  inclination  to  the  Earth's 
path  to  be  6°,  determined  the  period  of  the  revolution  of  the 
Moon's  nodes  to  be  18%  years, by  parallax  found  the  Moon's  dis- 
tance to  be  69  radii  of  the  Earth  and  the  diameter  of  the  Moon 
as  31^,  an  exact  determination. 

For  a  period  of  a  hundred  years  the  work  just  mentioned  is  un- 
expectedly far  in  advance  of  that  described  earlier  in  this  article, 
especially  when  we  remember  that  it  was  all  done  with  naked- 
eye  instruments.  When  the  study  of  instruments  for  observation 
is  taken  up  later,  those  in  use  in  these  early  times  will  be  illus- 
trated and  particularly  described. 

Ptolemy  (100-170  A.  D.)  carried  the  ancient  astronomy  of  the 
solar  system  to  its  highest  perfection  in  a  theory  usually  now 
called  from  his  own  name,  the  Ptolemaic  system.  It  was  worked 
out  in  140  A.  D.,  at  Alexandria  and  was  published  in  Arabic,  under 
the  title,  Almagest^  and  was  for  fourteen  centuries  a  work  of  su- 
preme authority  in  Astronomy.  In  this  theory  the  Moon  is  rep- 
resented as  revolving  around  the  Earth  in  a  circle,  while  the 
latter  body  is  not  placed  at  the  center  of  the  circle.  The  explana- 
tion of  the  motions  of  the  planets  and  the  Sun  as  determined  by 
this  theory  will  be  found  in  almost  any  good,  modem  text-book 
on  Astronomy  and  need  not  be  repeated  here.  It  need  only  be 
added,  that  scarcely  a  single  thing  which  this  theory  claims,  is  true 
as  we  now  know,  yet  cumbersome  in  detail  as  it  was  it  com- 
pletely represented  the  best  observation  for  a  period  of  300  years. 
Who  then  could  successfully  dispute  the  theory  of  Ptolemy  for  the 
long  interval  following,  seeing  that  the  necessary  data  for  such 
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reasoning  was  wholly  wanting,  if  we  except  a  few  observations 
which  Ptolemy  was  apparently  nnwilling  to  set  against  all 
others  with  the  weight  and  real  value  that  belonged  to  them  ? 

This  brief  review  gives  the  reader  some  idea  of  the  progress  in 
lunar  and  some  kindred  studies  to  the  time  of  the  invention  of 
the  telescope. 

We  present  herewith  a  picture  of  the  fall  Moon  because  the  op- 
portunity for  taking  it,  just  exactly  at  the  phase  wanted  came  at 
the  date  upon  the  plate.  The  Moon  was  then  within  a  few  min- 
utes of  the  full  and  its  declination  was  28^  17^»  making  its  zenith 
distance  in  this  latitude  nearly  as  small  as  possible,  hence  itslibra- 
tion  in  latitude  was  favorable  for  viewing  surface  beyond  the 
south  pole.  It  was  also  very  near  the  meridian.  When  we  take 
another  picture  with  libration  large  in  the  opposite  direction  we 
win  have  a  pair  of  them  that  may  be  used  with  good  effect  for 
stereoscopic  pictures.  This  picture  will  also  be  referred  to  in 
later  descriptions  of  surface  markings  visible  at  this  phase  and 
others  which  may  nearly  precede  or  follow  it. 


OPTICAL  GLrABS. 


With  Special  Re&rence  to  Telescope  Objectives. 


J.  A.  BRASHBAR. 


Tbsting  for  Strls. 

As  stated  in  our  last  article,  warranted  discs  of  optical  glass 
are  always  polished  on  the  two  faces  for  the  purpose  of  studying 
the  character  of  the  material,  as  well  as  the  annealing.  Plates  of 
best  quality  are  polished  on  the  edges  only. 

Fortunately  we  have  quite  simple  methods  at  our  command  by 
which  we  are  able  to  determine  whether  it  is  safe  to  make  an  ob- 
jective of  the  glass  in  question,  for  it  would  be  a  rather  costly 
matter  if  we  found,  after  working  for  many  weeks  upon  an  ob- 
jective, that  it  had  defects  in  it  of  such  a  serious  nature  that 
they  would  render  it  worthless  for  astronomical  or  other  pur- 
poses of  research. 

The  unaided  eye  can  see  stones,  bubbles  or  seeds  in  the  glass, 
but  these  things,  which  disturb  the  equanimity  of  the  novice,  are 
of  the  smallest  concern  to  the  practical  optician.  Many  of  the 
finest  objectives  have  a  large  number  of  bubbles  in  them,  but  gen- 
erally speaking  all  the  harm  they  do  is  to  stop  a  little  light.    The 
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Washington  26-inch  has  perhaps  a  hundred  bubbles  in  the  body 
of  the  glass,  but  the  23-inch  at  Princeton  is  remarkably  free  from 
them.  Bubbles  are  a  little  unpleasant  to  the  eye,  but  the  practi- 
cal man,  who  knows  how  little  harm  they  do,  is  glad  to  pass 
them  by  as  an  insignificant  factor  if  the  glass  is  otherwise  all 
right. 

There  is  no  doubt  that  unequal  density  of  the  diflFerent  parts  of 
a  disc  of  optical  glass  is  the  most  serious  fault  it  can  have,  but 
our  glass  makers  of  to-day  are  very  successful  in  avoiding  this 
difficulty  in  a  large  degree,  and  this  is  fortunate  for  there  is  no 
satisfactory  way  to  determine  this  quality  until  the  objective  is 
ground,  polished  and  set  up  for  a  preliminary  test.  But  aside 
from  this  it  is  necessary  to  determine  whether  the  glass  is  other- 
wise homogeneous  in  its  nature,  /.  c,  free  from  "chords  "  or  stride 
as  the  glass  makers  call  what  appears  as  glass  or  other  vitreous 
substance  in  the  form  of  light  or  heavy  threads  throughout  the 
glass,  but  slightly  difierent  in  density  or  other  characteristics 
from  the  material  of  the  discs  else  it  could  not  be  detected  and 
would  do  no  harm. 

There  are  two  or  three  methods  to  detect  striae  or  chords  in 
glass  plates  or  discs.  Perhaps  the  best  method  is  not  readily 
available  to  many  of  our  readers,  but  as  it  is  so  excellent  and  is 
also  valuable  for  another  important  investigation  I  will  describe 
it  briefly. 

The  first  requisite  is  a  concave  silvered  mirror  such  as  is  used 
for  a  reflecting  telescope.  The  second,  a  lamp  with  a  cylindrical 
screen  over  it  with  a  hole  drilled  in  it  about  two  tenths  of  an 
inch  in  diameter  at  a  place  where  the  maximum  light  of  the  lamp 
flame  will  pass  through  it.  The  disc  or  plate  must  be  fairly  well 
polished,  no  attention  being  paid  to  scratches,  although  a  novice 
vrill  at  first  find  some  difficulty  in  deciding  between  a  scratch  and 
some  kinds  of  striae.  The  mirror  is  placed  in  a  vertical  position 
at  a  convenient  height,  /.  e.,  so  that  the  center  of  mirror  vriU  be 
at  the  same  height  as  the  opening  in  the  lamp  screen,  the  lamp 
being  placed  on  a  stand  or  table.  The  plate  or  disc  of  glass  is  set 
upon  edge  close  to  the  mirror,  indeed  may  lie  against  it  if  desired. 
The  lamp  is  now  moved  to  the  approximate  center  of  curvature 
of  the  mirror,  which  will  be  modified  somewhat  by  the  shape  of 
the  glass  to  be  tested,  but  this  is  of  no  importance,  as  all  that  is 
necessary  is  to  move  the  lamp  in  either  direction  until  the  apex  of 
the  reflected  beam  of  light  comes  to  a  place  near  the  same  plane 
as  the  lamp,  but  even  this  may  be  varied  without  detriment  to 
the  test,  the  idea  being  to  concentrate  the  returning  beam  upon 
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the  pupil  of  the  eye  after  it  has  been  reflected  from  the  mirror 
through  the  glass  to  be  tested.  The  lamp  must  be  moved  a  little 
to  one  side  of  the  optical  axis  of  the  mirror  so  that  the  retnming 
beam  will  be  far  enough  removed  from  it  to  allow  the  eye  to  in- 
tercept it. 


c^' 


This  method  of  testing  brings  out  striae,  chords  or  any  other 
imperfections  so  perfectly  that  dirt  spots,  scratches,  stains,  etc. 
must  be  eliminated  from  chords  and  striae.  One  drawback  upon 
this  method  is  that  it  is  difficult  to  locate  the  position  of  the  stria 
if  such  be  present,  with  respect  to  one  or  other  of  the  surfaces,  a 
matter  of  great  importance,  as,  when  the  stria  is  near  one  surface 
the  rough  grinding  may  be  done  so  as  to  cut  out  the  imperfections 
entirely.    The  usual  method  for  testing  for  striae  is  as  follows: 

The  same  lamp  and  screen  may  be  used,  but  the  writer  finds  a 
candle  a  first-rate  substitute.  In  this  method  the  candle  may  be 
set  on  a  bracket  or  other  support  and  should  be  from  ten  to  fifteen 
feet  away  from  the  glass  to  be  tested,  according  to  the  focus  of 
the  lens  to  be  used  for  condensing  the  light.  In  my  own  prac- 
tice I  prefer  to  hold  the  condensing  lens  in  my  hand,  so  that  the 
conjugate  focus  of  the  lens,  on  the  side  you  are  using  it  to  con- 
dense the  light  should  not  be  greater  than  six  or  eight  inches, 
otherwise  it  becomes  very  tiresome  to  hold  it.  A  second  person 
can  hold  and  shift  the  lens,  but  it  is  then  a  very  difficult  matter 
for  the  observer  to  follow  the  transmitted  beam  of  light  as  it 
traverses  the  various  parts  of  the  disc.  Indeed,  on  first  trial,  it 
will  be  found  quite  a  task  to  keep  the  eye  in  the  path  of  light 
from  the  lens,  under  the  best  conditions,  particularly  so  when  the 
glass  to  be  tested  has  one  of  the  surfaces  convex  or  concave. 

The  disc  or  plate  to  be  examined  may  be  held  vertical  in  any 
convenient  way,  or  the  lens  may  be  held  stationary  and  the  plate 
moved  in  front  of  it  if  the  latter  is  of  small  dimensions. 
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The  accompanying  sketch  shows  at  a  glance  the  arrangement. 
a  is  the  candle,  b  condensing  lens,  c  plate  to  be  tested,  d  the  eye 
placed  where  it  will  receive  the  fall  beam  of  light.  The  room  for 
this  work  should  of  course  be  dark. 


It  is  usual  to  place  the  lens  between  the  source  of  light  and  the 
plate  or  disc  of  glass,  but  the  writer  has  just  as  good  success  by 
allowing  the  light  to  pass  through  the  plate  first,  and  this 
method  ofiers  advantages  in  testing  large  discs,  because  the  lens 
can  be  moved  over  any  part  of  the  surface,  and  if  stria  is  de- 
tected, its  parallax  may  be  found  in  a  very  simple  manner,  as  fol- 
lows: 

Having  located  the  stria,  a  mark  is  made  in  line  with  it  on 
either  of  the  surfaces,  using  a  small  piece  of  bees-wax  or  paraf- 
fine  in  making  the  mark.  Condensing  the  beam  of  light  upon  it, 
the  eye  is  moved  to  and  fro  to  see  if  the  line  of  stria  shifts  with 
relation  to  the  surface  mark.  If  it  does  not  shift  we  may  conclude 
that  the  stria  is  very  close  to  the  surface  having  the  mark  upon 
it.  If  it  does  shift  then  it  is  best  to  place  a  similar  mark  on  the 
opposite  side  and  observe  again,  as  the  stria  may  be  near  this 
side.  If,  however,  the  stria  shifts  in  relation  to  both  marks  on 
the  glass,  we  must  conclude  that  it  is  in  the  body  of  the  material 
and  a  carefal  study  will  determine  if  it  is  nearer  one  side  than  the 
otiier.  Strias  very  frequently  cross  diagonally  through  the  plate, 
and  then  there  is  but  little  hope  of  saving  it. 

One  used  to  studying  glass  can  readily  detect  striae  through  the 
polished  edges  of  a  plate,  in  which  case  it  may  readily  be  deter- 
mined whether  they  are  near  enough  to  the  surface  to  be  elimin- 
'  ated  or  not.  Striae  and  other  defects  may  readily  be  photographed 
but  eye  observations  are  the  most  satisfactory. 

It  is  a  question  with  opticians  how  much  striae  may  remain  in  a 
glass  and  be  harmless.  Perhaps  there  are  not  many  large  discs 
that  are  perfectly  free  from  small  lines  of  striae,  but  the  writer 
will  not  use  a  piece  of  glass  that  has  any  striae  that  can  be  de- 
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tected  bj  ordinary  means,  and  he  would  recommend  io  the  ama- 
teur never  to  purchase  an3rthing  but  first  class  plates  if  he  wishes 
to  obtain  the  highest  results.  As  a  proof  of  the  satisfaction  in 
putxrhasing  first  quality  glass  I  would  say  that  out  of  about  500 
irieces  crown  and  flint  made  for  me  by  Mantois  of  Paris,  but  one 
piece  3  inches  in  diameter  has  been  found  with  a  single  stria  in  it. 
I  have  just  finished  testing  the  23-inch  discs  exhibited  at  the 
World's  Fair  by  the  Jena  manufacturers,  and  find  the  crown  ab- 
solutely free  from  striae.  A  small  "  bunch''  of  striae  was  located 
near  the  edge  of  the  flint ;  but  it  was  found  to  be  on  the  surfSeu^e 
that  will  have  a  convex  curve  given  to  it,  and  not  a  particle  will 
be  left  in  the  disc  when  finished  < 

Such  discs  are  of  course  warranted  by  the  makers,  yet  it  may 
be  seen  how  important  it  is  that  they  be  critically  "  diagnosed  " 
before  work  is  commenced  upon  them. 

Perhaps  I  should  give  a  few  directions  as  to  polishing  plates  for 
preliminary  tests. 

Grind  on  plate  glass,  commencing  with  rather  coarse  emery, 
say  No.  90,  then  with  No.  14fO,  then  one  or  two  grades  of  washed 
emery,  prolonging  the  grinding  with  the  finer  emeries  until  a 
clean  surface  is  obtained.  The  crown  may  be  ground  on  the  flint 
if  desired.  A  felt  or  cloth  surface  may  be  used  for  the  polishing 
tool,  using  rouge  as  a  polishing  material.  A  fi-iend  of  the  writer 
uses  the  heavy  blue  cloth  made  for  army  clothing  and  says  it 
answers  well.  I  prefer  a  pitch  polisher  for  my  own  use.  If  cloth  is 
used  it  is  cemented  to  a  flat  iron  tool  using  heated  coal  tar  pitch 
as  a  cement,  and  pressing  the  cloth  to  a  surface  with  the  glass 
plate  which  has  been  previously  wetted.  A  good  bright  polish 
is  all  the  better  for  testing  the  glass,  both  for  striae  and  by  polar- 
ized light,  but  the  flatness  of  the  surface  is  of  no  moment  what- 
ever. 

It  may  be  of  use  to  our  readers  to  know  that  rouge  and  pre- 
pared emeries  may  be  purchased  of  the  best  quality  and  at  reas- 
onable prices  from  Mr.  Geo.  Zucker,  616  West  39th  Street,  New 
York. 

In  our  next  article  we  will  give  methods  of  testing  glass  for  the 
character  of  its  annealing. 
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SHOOTING  STARS. 


How  to  Observe  Tbem  and  What  tbey  Teacb  Us. 


W.  p.  DBNNINO. 


VII.— The  Shower  of  Leonids. 

Like  the  Perseids  the  Leonids  date  their  observed  returns  from  a 
remote  period  several  displays  having  been  noticed  and  histori- 
cally recorded  in  the  tenth  century.  Professor  H.  A.  Newton 
gave  a  valuable  summary  of  early  displays  of  Leonids,  in  the 
American  Journal  of  Science  for  May  1864.  The  introductory 
shower  appears  to  have  been  witnessed  in  A.  D.  902  (nearly  1000 
years  ago)  when  meteors  are  stated  to  have  been  too  numerous 
to  count  and  to  have  fallen  as  thick  as  rain.  A  comparison  of  the 
different  dates  showed  that  the  group  developed  its  maximum  in- 
tensity at  intervals  of  little  more  that  33  years,  so  that  approxi- 
mately there  were  three  brilliant  reappearances  in  100  years  and 
that,  virtually,  the  same  years  of  each  century  brought  the 
shower  back.  Thus  the  phenomenon  was  seen  in  striking  grand- 
eur in  902,  1002,  1202  and  1602  and  it  will  recur  in  1902  though 
we  may  undoubtedly  expect  the  richest  displays  in  1900  and  1901. 
In  modem  times  the  years  1799,  1833  and  1866  have  furnished 
the  most  brilliant  returns,  and  the  close  of  the  present  centur3' 
and  opening  of  the  next  will  be  sure  to  reward  observers  with  a 
spectacle  which,  in  its  full  significance,  may  be  said  to  come  but 
once  in  a  generation. 

The  identity  of  orbit  of  Tempel's  comet  of  1866  and  these  No- 
vember meteors  formed  an  intensely  interesting  item  in  the  pro- 
gress of  this  branch  of  astronomy.  The  comet  was  computed  to 
have  a  periodic  time  of  33.18  years  and  it  is  due  at  perihelion  in 
1899.  There  is  little  doubt  that  this  comet  is  the  same  as  one 
observed  in  China  in  1133  and  1366;  it  is  apparently  composed 
of  a  vast  and  distended  stream  of  stones  with  which  the  Earth 
comes  into  collision  at  the  middle  of  November  in  several  follow- 
ing years  near  the  time  of  the  comet's  of  perihelion.  Thus  there 
were  very  abundant  showers  of  meteors  in  1864,  '65,  '67,  '68  and 
'69  as  well  as  in  1866,  and  they  prove  that  the  stony  fragments 
forming  the  comet's  material  are  distributed  thickly  along  a  con- 
siderable portion  of  the  orbit.  During  the  ensuing  few  years  ob- 
servers will  probably  note  an  increasing  activity  in  the  visible 
returns  of  this  system,  and  we  have  evidence  of  this  in  Professor 
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Barnard's  statement  (PopuLtAr  Astronomy,  Vol.  1,  p.  192)  relat- 
ing to  the  shower  of  1893,  that  the  meteors  were  more  abundant 
than  he  had  ever  seen  them  before. 

The  radiant  point   of  the  stream  is   placed  amid  the  well 
known  stars  forming  the  sickle  of  Leo  so  :— 


Figure  8.    Position  of  the  Radiant  in  the  Sickle  of  Leo. 

From  observations  at  Bristol  the  exact  position  of  the  radiant 
has  been  determined  at 

150^.0  +  22^.9. 

From  a  mean  of  4fO  good  observations  by  various  astronomers 
in  different  years  the  place  is 

148*^.9  +  23^.0 
The  radiant  is  not  well  clear  of  the  horizon  until  nearly  midnight, 
so  the  display  is  always  seen  to  the  best  effect  in  the  morning 
hours. 

The  system  really  forms  a  complete  ellipse,  for  a  few  meteors  be- 
longing to  it  are  recognized  every  year  at  the  appointed  time.  No 
doubt  the  particles  are  but  sparsely  scattered  in  certain  parts  far 
from  the  parent  comet,  but  the  continuity  of  the  stream  is  mani- 
fested by  its  regular  recurrence  every  November.  In  1879  a 
marked  shower  of  Leonids  was  observed  at  Bristol  and  other 
places,  and  in  1880  E.  F.  Sawyer  of  Cambridgeport,  Mass.,  rede- 
tected  it.  In  the  latter  year  the  comet  was  nearing  its  aphelion, 
so  the  meteors  seen  must  have  been  placed  at  the  opposite  part  of 
the  orbit. 
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Careftil  observation  of  the  Leonids,  especially  when  the  display 
is  not  so  bright  as  to  engage  the  whole  attention,  has  proved 
that  a  very  large  number  of  contemporary  showers  are  in  action. 
The  radiant  points  of  many  of  these  are  now  tolerably  well  as- 
certained. We  give  below  a  summary  of  68  of  them ;  the  posi- 
tions depend  mainly  upon  observations  at  Bristol  between  1876 
and  1888  :— 

Radiants  visible  with  the  Leonids  November  10-15. 


19-f  30 
27  +  71 

29  +  37 

30  +  16 
32  +  51 
40--  10 

45 --60 
46- -21 
48 --43 
50  +  30 

53+71 

60  +  49 


There  are  many  slow  meteors  diverging  from  Perseus  and 
Taurus  at  this  epoch  and  the  region  surrounding  Leo  contains 
several  radiants  of  bright,  streak-leaviog  meteors.  The  writer  be- 
lieves the  richest  of  the  minor  showers  lies  at  the  point  154®  +  41° 
a  little  S.  of  /*  Ursce  Majoris  and  just  outside  the  N.  boundary  of 
Leo  Minor.  When  the  Leonids  are  weakly  represented  this 
shower  of  Ursids  takes  the  foremost  place,  and  some  of  its  me- 
teors are  liable  to  be  mistaken  for  Leonids,  as  they  are  very 
similar  in  appearance  and  the  radiant  is  less  than  20®  distant 
from  that  in  Leo.  The  shower  near  /*  Ursae  appears  to  have 
first  been  discovered  by  F.  W.  Russell  of  Natick,  Mass.,  for  he 
gives  a  radiant  at  156®  30^  +  40**  40^  from  11  meteors  recorded 
on  November  10,  1861,  and  the  observation  is  quoted  in  Pro- 
fessor Eastman's  valuable  **  Progress  of  Meteoric  Astronomy  in 
America,''  p.  328. 

There  is  also  a  shower  at  141®  +  27®  (close  to  x  Leonis)  which 
is  occasionally  well  defined,  as  in  1892,  at  the  period  of  the 
Leonids  and  liable  to  be  confused  with  the  major  shower. 

Heis  found  from  his  observations  in  November,  1839,  to  1847 
that  of  407  meteors  registered,  171  proceeded  from  Perseus  near 
the  star  rj,  and  only  83  from  Leo.    Schmidt  in  1851  remarked 
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that  Perseus  appeared  to  ftimish  the  greater  ntiniber  of  meteors 
not  only  in  August  but  throughout  the  year.  In  order  to  test 
Heis's  result  the  writer  examined  the  paths  of  691  meteors  ob- 
served at  Bristol  in  November  1876-79  and  found  that  there  were 
60  Perseids  and  60  Leonids  while  there  were  no  less  than  99  Tau- 
rids.  The  activity  of  the  autumnal  Perseids  in  former  years  ap- 
pears therefore  to  have  been  succeeded  by  an  abundance  of 
Taurids  and  the  point  is  recommended  to  the  attention  of  future 
observers. 


PiGURB  9.    Radiants  Visible  in  the  Same  General  Region  as 
Leo,  November  19  to  15. 

The  visible  duration  of  the  Leonid  shower  is  much  shorter  than 
that  of  the  Perseids  and  it  is  apparently  confined  to  the  9  nights 
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irom  November  9  to  17.  It  is  not  yet  definitely  proved  whether 
the  radiant  shows  a  displacement  similarly  to  that  of  the  August 
shower,  but  this  is  highly  probable.  There  are  generally  very  few 
Leonids  to  be  seen  except  on  one  or  two  nights  near  the  date  of 
maximum,  and  it  has  been  difficult  to  determine  the  place  of  the 
radiant  at  the  advent  and  extinction  of  the  shower.  From  what 
the  writer  has  seen  he  regards  the  radiant  as  a  shifting  one  and 
believes  that  it  is  possible  to  ascertain  the  rate  and  direction  of 
its  motion  by  very  careful  and  long  sustained  observation. 

It  is  a  curious  cirqimstance  that  in  November,  1898  (or  1899), 
two  fine  meteoric  displays  may  come  nearly  together.  There 
ought  to  be  a  plentiful  return  of  the  Leonids  on  the  morning  of 
November  15  while  the  Andromedes  should  reappear  on  the  23d. 
or  only  8  days  afterwards.  Thirteen  years  elapsed  between  the 
great  Andromedec  showers  of  1872  and  1885,  and  a  similar  in- 
terval brings  us  to  1898.  If  the  two  systems  fulfil  expectation 
meteoric  observers  will  find  their  hands  full  of  attractive  work, 
and  no  doubt  the  general  public  will  take  advantage  of  the  op- 
portunity to  witness  two  of  the  most  attractive  spectacles  whi^jh 
it  is  possible  for  the  heavens  to  afford.  A  meteoric  display  of  the 
finest  character  is  certainly  a  most  imposing  and  striking  event 
and  presents  a  peculiarity  of  aspect  which  must  live  long  in  the 
memory  of  those  who  wittiess  it.  Other  celestial  occurrences 
have,  \t  is  true,  their  remarkable  features,  for  a  large  comet,  a 
total  solar  eclipse  and  a  brilliant  display  of  Aurora  Borealis  are 
each  magnificent  in  their  way— but  a  meteoric  storm  is  perhaps 
the  most  impressive  and  animated'  of  all  nature's  wonders,  for  the 
whole  firmament  becomes,  as  it  were,  alive  with  shooting  stars  of 
all  magnitudes^  arid  gives  the  idea  of  a  celestial  bombardment  well 
calculated  to  strike  terror  into  the  minds  of  people  not  ac- 
quainted with  its  real  meaniag  and  harmless  character. 


THB  FIXED  STARS. 


W.  H    8.  MONCK 


11. 


Every  one  notices  the  fact  that  some  stars  are  brighter  than 
others,  and  stars  have  from  early  times  been  roughly  classed  as 
of  the  first,  second,  third  magnitudes,  etc.,  accordingly.  These 
classifications  were  not  based  on  any  fixed  principle,  and  different 
astronomers  classed  ciertain  stars  differently.    The  defects  of  such 
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a  system  were  obviotis  and  among  other  things  it  often  prevented 
the  variations  in  the  light  of  a  star  from  being  recognized,  or  led 
to  the  supposition  that  there  were  variations  where  there  were 
none.  It  was  not  until  the  present  century  that  star-magnitudes 
were  classed  upon  any  scientific  basis.  It  was  then  noticed 
that  our  power  of  detecting  the  diflerence  between  two  lights 
depended  not  on  the  difference  between  the  quantities  of 
light  but  on  the  ratio  between  them  (a  principle  known  as  Tech- 
ner's  law),  and  that  on  an  average  the  stars  classed  as  of  one 
magnitude  by  astronomers  gave  about  2Mi  times  as  much  light 
as  those  of  the  magnitude  next  below.  For  convenience  of  com- 
putation the  ratio  equivalent  to  one  magnitude  was  fixed  at  the 
number  whose  logarithm  is  0.4  and  whose  value  to  three  decimal 
places  is  2.612.  The  adoption  of  this  scale  enabled  astronomers 
to  express  star-magnitudes  much  more  accurately  than  before; 
for  example,  instead  of  describing  a  star  as  intermediate  between 
the  third  and  fourth  magnitudes,  we  were  able  to  describe  it  as  of 
magnitude  3.45  or  3.87  as  the  case  might  be,  provided  that  we 
could  measure  the  quantity  of  light  with  the  requisite  degree  of 
accuracy.  Photometers  for  comparing  the  light  of  stars  with 
each  other  were  next  invented.  Those  generally  in  use  depend  on 
two  different  principles.  With  photometers  of  the  first  kind  we 
equalize  the  light  of  two  stars  by  means  of  an  instrument  which 
reduces  the  light  of  the  brighter  in  a  known  proportion.  We 
then  know  the  ratio  of  the  light  of  the  two  stars  or  the  difference 
in  their  magnitudes  on  the  photometric  scale,  and  if  we  know 
the  magnitude  of  the  one  we  know  the  magnitude  of  the  other 
also.  In  the  second  method  the  light  of  both  stars  is  extin- 
guished by  being  passed  through  a  wedge  of  neutral-tinted  glass 
and  the  ratio  of  the  lights  is  inferred  from  the  respective  thick- 
ness of  the  glass  necessary  to  extinguish  them.  Both  methods 
enable  us  to  estimate  the  difference  in  magnitude  of  any  given 
pair  of  stars  and  as  a  rule  there  seems  to  be  a  fair  agreement  be- 
tween the  results  attained  by  them.  We  have  only  then  to 
assume  a  magnitude  for  our  standard  star  and  we  can  assign 
magnitudes  to  all  whose  light  is  capable  of  being  measured  by 
the  photometer.  The  pole  star  is  naturally  selected  as  the  stand- 
ard being  always  at  an  altitude  (in  these  latitudes)  capable 
of  easy  observation.  In  the  well  known  Harvard  Photometry 
its  magnitude  is  assumed  to  be  2.15  and  the  magnitudes  of  all 
other  stars  in  the  catalogue  are  computed  on  that  basis.  The 
list  of  magnitudes  thus  computed  is  easily  converted  into  a  table 
of  the  relative  quantities  of  light.    Thus  if  we  take  Q  as  the 
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quantity  of  light  given  by  a  star  one  magnitude  brighter  than 
the  first,  the  quantity  of  light  given  by  a  star  of  the  nth  magni- 
tude  is  Qr^'^.  The  reader  may  at  first  be  startled  at  hearing  of 
stars  above  the  first  magnitude  but  every  one  knows  that 
some  stars  of  the  first  magnitude  are  brighter  than  others.  Tak- 
ing the  magnitude  of  the  pole  star  at  2.15  the  star  whose  mag- 
nitude most  closely  approaches  the  first  is  a  Aquilse  or  Altair. 
Arcturus,  according  to  the  Harvard  Photometry,  is  nearly  one 
magnitude  brighter  than  this  or  very  nearly  of  magnitude  0, 
while  Sirius  is  more  than  two  magnitudes  brighter,  which  is  indi- 
cated by  giving  its  magnitude  a  negative  sign,  — 1.43.  Of  course 
on  this  scale  the  lower  the  magnitude  the  brighter  is  the  star,  and 
as  a  star  of  the  first  magnitude  is  brighter  than  one  of  the 
second,  a  star  of  magnitude  0  is  brighter  than  a  first  magni- 
tude star,  and  a^star  with  a  negative  magnitude  is  brighter  than 
one  of  magnitude  0.  The  Harvard  Photometry  contains  the 
magnitudes  of  over  4,000  stars  determined  in  this  manner,  and 
there  are  other  valuable  collections.  Errors  will  of  course  creep 
into  any  such  system  of  measures  but  there  is  reason  to  think 
.that  they  are  small.  Careful  observers,  moreover,  though  depen< 
dent  on  the  eye  only  have  succeeded  in  estimating  the  magnitudes 
of  stars  to  tenths  of  a  magnitude  with  an  accuracy  that  photo- 
metric measures  of  the  same  stars  have  fully  attested. 

As  light  decreases  in  proportion  to  the  inverse  square  of  the 
distance  the  natural  assumption  to  make  in  the  first  place  was 
that  the  differences  in  the  light  of  stars  was  mainly,  if  not  solely, 
due  to  their  distances.  Thus  a  star  of  the  10th  magnitude  only 
gives  xotoo  of  the  light  of  Arcturus  (taken  as  of  magnitude  0). 
Hence  it  might  be  assumed  to  be  100  times  as  distant,  since,  if  re^ 
moved  to  that  distance,  the  light  of  Arcturus  would  be  diminished 
in  this  proportion.  But  as  soon  as  the  spectroscope  and  the  pho- 
tographic lens  were  brought  into  use  it  was  found  that  any 
rough  conclusions  of  this  kind  needed  considerable  modification. 
Photography  indeed  afforded  a  new  kind  of  photometry— a 
brighter  star  producing  ceteris  paribus  a  larger  disc  on  the  photo- 
graphic plate  and  vice  versa.  But  red  stars  were  found  to  give 
smaller  discs,  and  brilliant  white  or  bluish  stars  larger  discs,  than 
were  expected.  A  star  which  looked  fainter  to  the  eye  often 
proved  more  effective  in  photography  than  a  brighter  one. 
Feebler  in  optical  rays  it  was  more  powerful  in  photographic 
rays.  The  spectroscope  gave  the  same  result.  The  light  of  differ- 
ent stars  differed  in  kind.  The  relative  intensity  of  the  light  at 
different  parts  of  the  spectrum  was  different  and  so  were  the  lines 
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which  characterized  the  substances  in  the  stellar  atmosphere. 
Di£ferent  stars  gave  different  kinds  of  light  and  the  analogy  of 
terrestrial  substances  indicated  a  cause  for  this  difference.  When 
we  gradually  heat  a  body  it  first  becomes  red  hot— it  gives  red 
light  only.  But  gradually  as  the  heating  proceeds  the  light  be* 
comes  whiter  and  is  found  on  analysis  to  extend  further  towards 
the  violet  end  of  the  spectrum.  Finally  it  passes  beyond  the  vio- 
let end  giving  in  addition  to  the  visible  rays  others  which  are 
invisible  to  the  eye  but  nevertheless  produce  well-marked  effects 
on  the  photographic  plate  and  indeed  may  be  rendered  visible  by 
passing  the  light  through  a  fluorescent  substance.  The  light  as 
the  heating  proceeds  assumes  a  greenish  or  bluish  tint  and  the 
point  of  maximum  intensity  on  the  spectrum  moves  steadily  iirom 
the  red  towards  the  violet  end.  It  is  needless  to  say  that  as  the 
heating  goes  on  the  quantity  of  light  given  out  by  the  body  is 
largely  increased.  These  results  are  generally  applicable  to  the 
stars  though  with  some  qualifications ;  for  the  color  of  a  star  un- 
doubtedly often  depends  to  a  considerable  extent  on  its  atmos- 
phere— an  absorptive  medium  interposed  between  us  and  the  real 
source  of  light.  Still  it  is  impossible  to  doubt  that  different  stars 
differ  widely  in  temperature  and  luminosity  and  that  the  light 
which  we  receive  from  a  star  depends  not  merely  on  its  mass  and 
its  distance  but  also  on  its  temperature  or  on  the  intrinsic  bril- 
liancy of  its  surface. 

When  these  results  were  reached  it  was  natural  to  infer  that 
there  were  dark  stars  in  existence  or  at  least  stars  so  feebly  lum- 
inous as  to  baffle  our  best  optical  instruments  though  compara- 
tively near  us.  It  was  found  even  before  HerscheVs  discovery  of 
the  physical  connection  between  certain  double  stars  that  the 
magnitude  of  certain  stars  varied  in  a  manner  strongly  sugges- 
tive of  a  periodical  eclipse.  Of  these  Algol  is  the  best  known  but 
the  number  of  variable  stars  of  this  type  has  been  considerably 
increased  by  recent  research.  From  the  motions  of  Sirius  it  was 
inferred  that  the  brilliant  star  was  being  attracted  by  some 
neighboring  object  which  telescopes  failed  to  detect.  More  pow- 
erful telescopes  were  used  and  the  disturbing  star  was  discovered : 
but  though  from  its  action  on  Sirius  it  is  computed  to  be  perhaps 
half  as  large  as  its  brilliant  companion  it  does  not  give  rrhnr 
part  of  the  Ught.  A  similar  result  was  arrived  at  in  the  case  of 
Procyon  where  even  the  great  Lick  telescope  has  failed  to  detect 
the  smaller  star.  The  spectroscope  has  added  to  this  list  as  will 
be  seen  hereafter.  Almost  simultaneously  it  was  conjectured 
that  some  of  the  outer  planets  gave  a  little  light  of  their  own  be- 
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sides  reflecting  the  sun-light.  We  have,  however,  unmistakeable 
evidence  of  dark  bodies  within  the  solar  system.  The  inference 
(subsequently  confirmed  by  other  considerations)  seemed  to  be 
that  dark  bodies  exist  outside  of  the  solar  system  also — that  in 
short  stars  exist  in  every  possible  degree  of  illumination  from  one 
considerably  exceeding  that  of  the  Sun  down  to  absolute  black- 
ness. And  the  number  of  black  stars  (or  black  bodies  in  space) 
may  be  far  greater  than  we  imagine  because  it  is  only  by  some 
accident  that  we  can  detect  their  existence  at  all. 

The  distribution  of  stars  in  the  sky  is  evidently  not  uniform. 
But  when  we  are  dealing  with  large  classes  of  stars  distributed 
impartially  over  the  sky  an  approach  to  uniformity  might  rea- 
sonably be  expected.  It  is  therefore  worth  while  to  consider 
what  the  effect  of  uniform  distribution  would  be  as  regards  the 
number  and  light  of  the  stars  of  each  magnitude.  Supposing 
that  no  light  is  lost  in  transmission  we  may  assume  for  instance 
that  all  the  stars  up  to  and  including  the  fifth  magnitude  are  in- 
cluded in  a  sphere  having  the  Earth  as  its  center  and  the  radius  r. 
All  the  stars  up  to  the  sixth  magnitude  will  then  be  comprised  in 
another  sphere  having  the  same  center  and  the  radius  1.585  r  — 
1.585  being  the  square  root  of  2.512  the  multiplier  wh'ich  cor- 
responds to  a  magnitude  and  the  intensity  of  the  light  varying 
inversely  as  the  square  of  the  distance.  And  if  the  number  of 
stars  comprised  in  the  first  sphere  be  n  the  number  comprised  in 
the  second  sphere  will  be  (1.585)'ii  or  3.984a.  Of  these  stars 
2.984x1  will  be  stars  between  the  fifth  and  sixth  magnitudes  the 
total  number  up  to  and  including  the  fifth  magnitude  being  n  as 
already  stated.  Using  for  brevity  4  instead  of  3.984  the  stars  of 
any  magnitude  will  thus  be  three  times  as  numerous  as  all  the 
brighter  stars.  Applying  the  same  rule  to  the  stars  between  the 
fourth  and  fifth  magnitudes  their  number  will  evidently  be  %a 
and  those  brighter  than  the  fourth  magnitude  Mn.  The  stars  of 
any  magnitude  will  thus  be  four  times  as  numerous  as  those  of 
the  magnitude  next  below.  This  reasoning,  it  will  be  seen,  is  per- 
fectly general.  Let  us  now  compare  the  total  light  of  the  stars 
of  two  successive  magnitudes.  The  average  light  of  the  brighter 
stars  is  2.512  times  that  of  the  fainter  but  the  number  of  the 
latter  is  four  times  as  great,  and  their  total  light  is  1.585  times 
greater.  The  total  light  increases  at  each  magnitude  by  the 
number  whose  logarithm  is  0.2.  Thus  the  stars  of  the  tenth 
magnitude  should  give  collectively  ten  times  as  much  light  as 
those  of  the  fifth  magnitude,  the  stars  of  the  fifteenth  magnitude 
100  times  as  much  light  and  so  on.    And  if  this  uniform  distribu- 
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tion  of  the  light  extended  to  infinity  the  total  amount  of  light 
receiyed  from  the  sky  would  be  infinite.  But  nothing  is  more  evi- 
dent than  that  the  total  light  of  the  sky  is  of  very  limited 
amount.  The  full  Moon  bursting  through  a  dense  cloud  when 
the  rest  of  the  sky  is  overcast  gives  more  light  than  we  receive 
from  the  whole  sky  on  a  clear  moonless  night.  What  \s  the  ex- 
planation of  such  facts  as  these?  Is  the  universe  finite?  Or  is 
there  some  medium  in  space  which  absorbs  light  and  causes  it 
(especially  at  great  distances)  to  diminish  more  rapidly  than  in 
the  ratio  of  the  inverse  square  of  the  distance?  Or  lastly  is  the 
region  of  luminous  stars  limited,  the  bodies  at  greater  distances 
being  usually  dark?  These  are  among  the  problems  which  the  as- 
tronomy of  the  future  has  to  solve. 

80  far  as  I  have  compared  photometric  measures  of  stars  I 
think  the  theoretical  proportion  of  4  to  1  for  the  numbers  of 
stars  of  two  successive  magnitudes  is  rarely  if  ever  realized.  If 
all  stars  are  of  equal  intrinsic  brightness  and  light  diminishes  as 
the  inverse  square  of  the  distance,  a  thinning  out  commences  at 
(comparatively  speaking)  no  great  distance  from  the  Earth  or 
the  Sun.  But  though  the  proportion  seldom  if  ever  reaches  4  to 
1  it  seems  always  to  exceed  2.612  to  1,  and  as  long  as  it  does  so 
the  total  light  of  the  stars  of  each  successive  magnitude  will  con- 
tinue to  increase.  The  limited  amount  of  light  which  we  receive 
from  the  entire  sky  shows  that  this  process  cannot  go  on  very 
long,  but  where  it  stops  is  at  present  a  subject  of  conjecture  only. 
The  stars  of  the  100th  magnitude  may  collectively  give  as  much 
light  as  those  of  the  fifth  but  I  think  if  the  process  was  carried  on 
as  far  as  the  stars  of  the  1000th  magnitude  the  total  light  of  the 
sky  could  not  fail  to  be  much  greater  than  it  is.  That  there  are 
dark  bodies  both  within  and  without  the  limits  of  the  solar  sys- 
tem which  intercept  some  of  the  light  of  distant  objects  must  I 
think  be  conceded,  but  this  will  not  account  for  -Uie  observed 
thinning  out  of  the  stars  unless  we  suppose  them  to  be  more 
numerous  than  is  usually  supposed.  A  given  quantity  of  matter 
will  intercept  the  greatest  quantity  of  light  when  it  is  most  sub- 
divided. If  meteors  exist  in  space  to  anything  like  the  extent 
which  the  Meteoritic  Hypothesis  supposes,  a  good  deal  of  the  light 
coming  from  distant  objects  must  be  intercepted  by  them.  But 
the  ether  itself  may  absorb  light  or  convert  it  into  some  other 
form  of  energy.  The  entire  problem  is  one  of  great  interest  but 
the  solutions  hitherto  proposed  are  chiefly  speculative.  It  will  be 
desirable  to  bear  in  mind  however,  that  we  can  only  believe  in 
the  existence  of  an  infinite  Universe  of  luminous  bodies  on  the  hy- 
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pothesis  of  a  very  large  absorption  of  light  in  the  case  of  the 
more  distant  stars — a  much  larger  absorption  than  in  the  case  of 
nearer  stars  and  which  therefore  is  not  to  be  explained  by  the 
stellar  atmospheres  or  the  terrestrial  atmosphere  but  by  some- 
thing which  intervenes  between  us  and  these  stars. 

Whether  the  distribution  of  stars  round  the  Earth  is  approxi- 
mately uniform  as  regards  distance  or  not,  it  is  undoubtedly  not 
so  as  regards  direction.  That  the  stars  are  far  denser  in  the 
Galaxy  than  elsewhere,  and  in  part'calar  parts  of  the  Galaxy 
than  in  other  parts,  has  been  long  known.  And  as  telescopes 
with  incre€U»ing  power  came  to  be  used  it  was  found  that  in 
many  parts  of  the  sky  remote  irom  the  Galaxy  there  was  an  evi- 
dent thinning  out  of  the  stars  at  stages  where  there  was  a  thick- 
ening in  most  parts  of  the  Galaxy.  There  are  parts  of  the  sky 
remote  from  the  Galaxy  where,  if  we  examine  the  fainter  stars 
with  a  more  powerful  telescope  or  a  photograph  taken  with 
longer  exposure,  instead  of  the  four-fold  increase  for  each  magni- 
tude there  is  sometimes  an  actual  decrease.  It  seems  as  if  we 
were  looking  through  the  stars  in  that  direction  and  that  there 
were  no  others  beyond  them.  On  the  other  hand  the  four-fold 
ratio  must  at  some  stages  be  greatly  exceeded  in  such  regions  of 
the  sky  as  that  in  Cygnus  where  Mr.  Roberts  photographed 
16,000  stars  not  one  of  which  was  as  bright  as  the  sixth  magni- 
tude. Observations  like  these  give  rise  to  further  problems.  Are 
we  in  the  Galaxy  or  outside  it?  Do  all  thestars  which  wecan  detect 
with  our  present  optical  means  belong  to  one  great  galactic  sys- 
tem or  does  that  system  only  include  a  certain  number  of  them  ? 
And  what  is  the  shape  of  this  Galaxy  ?  The  Galaxy  as  visible 
may  be  described  as  a  very  irregular  ring  whose  central  line  forms 
a  great  circle  on  the  celestial  sphere.  But  is  it  really  a  ring,  the 
Sun  and  Earth  being  somewhere  in  the  vacant  space  which  it 
encircles,  or  is  it  shaped  rather  like  a  block-wheel  the  solar  system 
lying  within  the  block  and  the  stars  being  thinner  in  the  direc- 
tion parallel  to  its  axle  than  at  right  angles  to  it  for  the  simple 
reason  that  they  extend  to  a  shorter  distance  in  the  former  di- 
rection than  in  the  latter?  This  shape  would  of  course  account 
for  our  being  able  to  look  through  the  stars  near  the  poles  of  the 
Galaxy  while  failing  to  do  so  in  the  direction  of  the  Galactic  circle. 
All  stars  would  on  this  latter  assumption  form  part  of  the  same 
vast  system,  or  at  least  if  there  are  any  stars  independent  of  it  we 
have  hitherto  failed  to  detect  them.  On  the  other  hand  if  the 
Galaxy  is  shaped  like  a  ring— a  spoke- wheel  instead  of  a  block- 
wheel  though  of  course  the  spokes  are  imaginary— we  are  outside 
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the  galactic  Sjrstetn  and  80  are  our  nearer  neighbors,  the  nearest 
part  of  the  ring  being  situated  at  a  great  distance  from  us.  Of 
course  both  the  block- wheel  and  the  spoke-wheel  are  very  rough  il- 
lustrations but  they  may  serve  to  distinguish  the  two  systems,  one 
of  whkh  makes  the  Earth  and  all  visible  stars  part  of  the  galaxy- 
tic  system  while  the  other  excludes  us  and  our  nearer  neighbors 
from  it.  We  are  not  probably  in  a  position  to  decide  positively 
.between  these  two  theories  at  present  but  observations  on  the 
proper  motions  of  the  stars  and  to  a  certain  extent  observations 
on  their  spectra  may  assist  us  in  mcdcing  a  probable  conjecture. 
But  it  will  be  necessary  to  describe  the  spectra  and  the  proper 
motions  of  the  stars  before  this  question  can  be  discussed  with 
advantage.  The  shape  of  the  Galaxy  cannot  be  determined  till 
we  know  what  stars  are  to  be  included  in  the  galactic  system, 
and  even  then  it  will  be  difficult  to  determine  how  far  its  appar- 
ent shape  is  the  result  of  perspective  or  projection  on  the  celestial 
sphere. 

Attempts  have  been  made  to  compare  the  light  of  some  of  the 
brighter  stars  with  that  of  the  Sun  but  with  very  unsatisfactory 
results.  The  difierence  is  too  great  and  we  cannot  even  observe 
them  simultaneously.  The  method  adopted  was  comparison  with 
the  Moon  but  various  estimates  make  the  light  of  the  Sun  greater 
than  that  of  the  ^  Moon  in  proportions  varjring  from  300,000  to 
800,000  to  1.  The  proportion  of  incident  sunlight  which  the 
Moon  reflects  is  also  doubtful  and  the  full  Moon  is  too  bright  for 
accurate  comparison  with  the  light  of  a  star.  A  comparison  of 
the  light  of  the  fixed  stars  with  that  of  the  planets  promises 
better  results  but  there  is  still  an  uncertain  element— the  albedo 
of  the  planet  as  it  is  called,  or  the  proportion  of  the  incident  sun- 
light which  is  irregularly  reflected  from  its  surface.  If  the  entire 
visible  hemisphere  were  covered  at  the  distance  of  the  planet  by  a 
substance  which  irregularly  reflected  the  whole  of  the  light  that 
fell  on  it  we  should  receive  from  this  hemisphere  as  much  light  as 
we  receive  directly  from  the  Sun.  We  can  compute  the  proportion 
which  the  planet's  disc  (or  rather  the  illuminated  portion  of  it) 
bears  to  the  entire  hemisphere  in  question  and  thus  compare  the 
planet's  light  with  that  of  the  Sun  on  the  assumption  that  the 
whole  of  the  incident  light  is  irregularly  reflected  from  the  illum- 
inated portion  of  the  planet;  and  comparing  the  light  of  the 
planet  with  that  of  a  star  we  can  obtain  the  proportion  between 
the  light  of  the  Sun  and  that  of  a  star  on  this  hypothesis.  But 
the  planet  does  not  reflect  the  whole  of  the  incident  light  and 
there  is  a  question  as  to  whether  some  of  the  planets  do  not  give 
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original  as  well  as  reflected  light.  Our  restdts  are  consequently 
tincertaiu.  I  may  mention,  however,  that  on  the  lowest  estimate 
of  the  light  of  Sirins  that  has  hitherto  been  made  the  light  of  the 
Snn  exceeds  it  in  the  proportion  of  20,000,000,000  to  1.  But 
the  distance  of  Sirins,  as  will  be  explained  hereafter,  is  supposed 
to  be  about  500,000  times  as  great  as  that  of  the  Sun,  and  at 
this  distance  the  Sun's  light  would  be  diminished  in  the  propor- 
tion of  250,000,000,000  to  1.  Sirius  thus  gives  on  this  compu- 
tation 12Mi  times  as  much  light  as  the  Sun.  Other  computations 
however  make  it  more  than  60  times  as  bright. 


CONSTELLATION  STUDY. 


WINSLOW  UPTON. 


Continuing  the  description  of  the  individual  constellations  be- 
gun in  the  last  article  of  this  series,  we  will  take  up  those  in  the 
first  division  which  are  south  of  north  declination  50®.  We  have 
already  considered  Cassiopeia  and  Camelopardalis,  the  two  dr- 
cumpolar  groups  of  this  division.  The  three  zodiacal  constella- 
tions, Pisces,  Aries  and  Taurus,  will  first  be  described,  and  then 
those  which  lie  north  and  south  of  them. 

Pisces.— This  interesting  group  is  composed  almost  entirely  of 
faint  stars,  and  cannot  be  traced  except  on  clear,  moonless  nights. 
It  can  be  found  as  follows :  The  four  stars  marking  the  equinoc- 
tial colure  were  a  Ursae  Minoris,  /3  Cassiopeise,  a  Andromedse  and 
y  Pegasi.  The  line  connecting  the  last  two  forms  the  eastern  side 
of  the  very  conspicuous  quadrilateral  known  as  the  square  of 
Pegasus.  Directly  south  of  the  Square  is  a  cluster  of  small 
stars  encircling  an  area  which  resembles  a  polygon  of  five  or  six 
sides.  This  marks  the  western  fish.  Directly  east  of  the  Square 
is  a  second  cluster  of  faint  stars  which  marks  the  eastern  fish. 
Two  winding  lines  of  stars,  running  the  one  eastward  fi*om  the 
first  fish  and  the  other  southward  from  the  second  fish,  meet  at 
the  fourth  magnitude  star  a  Piscium,  the  brightest  of  the  group. 
The  classic  figfures  are  drawn  with  the  fishes  pointing  westward 
and  northward  respectively,  and  with  their  tails  connected  by  a 
band. 

Aries.  The  characteristic  figure  of  this  group  is  an  elongated 
triangle  which  marks  the  head  of  the  Ram.    A  line  drawn  from 
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the  Pleiades  to  y  Pegasi  is  nearly  bisected  by  the  groap.  A  small 
triangle  of  rather  faint  stars  fiye  degrees  sonthwest  of  the  Pleia- 
des may  also  be  traced  in  the  eastern  part  of  tne  area  occupied 
by  this  constellation,  and  marking  the  position  of  the  tail  of  the 
animal. 

Taams.  The  characteristic  figures  of  this  constellation  are  the 
Pleiades  and  the  Hyades.  The  former  are  in  the  shoulder  and  the 
latter  in  the  head  of  the  Bull,  only  the  shoulder  and  head  with 
the  fore  legs  and  horns  being  represented  in  the  fignre.  Six  stars 
can  be  readily  distinguished  in  the  Pleiades,  and  several  more 
have  been  seen  on  favorable  occasions.  The  Hyada^  or  V-shaped 
group,  whose  vertex  is  toward  the  west,  contains  the  bright  red 
star  a  Tauri  or  Aldebaran.  The  middle  star  in  the  southern  side 
of  the  V  is  a  naked-eye  double,  the  components  being  about  6' 
apart.  Two  prominent  stars  5"*  apart,  mark  the  tips  of  the 
horns  which  may  be  found  by  drawing  a. line  from  a  Tauri  north- 
e€istward  to  the  tynn  stars  of  Gemini*  Castor  and  Pollux.  About 
one-third  of  the  way  from  a  Tauri,  this  line  crosses  the  line  at  the 
extremities  pf  which  are  the  two  stars  marking  the  tips  of  the 
horns.  The  northern  one,  /3,  is  the  brighter  and  is  the  second  in 
brightness  in  the  whole  constellation. 

North  of  the  three  zodiacal  constellations  just  named  lie  the 
constellations  Andromeda,  Triangulum,  Perseus  and  Auriga', 
given  in  the  order  west  to  east. 

Andromeda.  The  characteristic  figure  of  this  group  is  three 
bright  stars  nearly  in  line,  about  15^  apart.  The  westernmost  is 
lettered  a,  and  hB»  been  mentioned  already  as  in  the  line  marking 
the  equinoctial  colure  and  also  the  northeastern  comer  of  the 
Square  of  Pegasus.  The  line  runs  northeast,  approximately 
towards  the  brilliant  star  Capella  in  Auriga,  and  the  stars  are 
lettered  in  order,  a,  >S,  and  y.  Half  way  between  a  and  >S,  a  little 
south  of  the  line  is  <^,  somewhat  fainter  than  the  others,  and  the 
line  may  be  prolonged  to  a  bright  star  beyond  y^  which  is  in 
Perseus  and  called  a  Persei.  This  line  is  near  the  southern  bound- 
ary of  the  area,  and  there  are  a  number  of  fainter  stars  north  of 
it,  which  should  be  associated  with  the  figure.  Several  of  tbe^ 
are  near  y,  and  from  /S  runs  a  line  of  faint  stars  at  right  angles 
with  the  a,  fi^  y  line,  which  leads  to  the  nebula  of  Andromeda, 
just  visil^le  to  the  naked  eye.  In  the  figure  of  the  " chained  lady" 
this  line  of  idtars  is  the  girdle  to  which  the  chain  is  fastened,  and 
the  figufe  i8.<^rawn  with  the  head  at  ^  and  left  foot  at  y. 

TrifiPgtilum.  This  group,  as  its  name  implies,  is  a  triangle  of 
stars  which  may  readily  be  found  as  it  is  half  way  between  the 
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triangle  marking  the  constellation  Aries  and  the  star  y  Androm- 
edet. 

Perseas.  There  are  two  characteristic  figures  in  this  area — a 
curved  line  of  bright  stars,  and  a  cluster  of  stars  sometimes  given 
a  distinct  name:— Caput  Medusae.  In  order  to  find  the  former, 
continue  the  line  a,  /?,  y  Andromedse  beyond  y  about  20^  to  the 
bright  star  a  Persei,  the  brightest  of  the  group.  This  is  in  the 
curved  line  sought  for,  two  stars  lying  northwest  of  it,  and  one 
southeast.  Several  fainter  stars  are  near  these.  In  order  to  find 
the  head  of  Medusa,  note  a  triangle  formed  by  a  Persei,  y  Androm- 
edae,  and  a  star  of  nearly  equal  brightness  south  of  the  former 
and  cast  of  the  latter.  This  star  is  /3  Persei  or  Algol,  the  famous 
variable  star.  Close  to  it  are  three  fainter  stars  forming  with  it 
the  group.  Between  the  northernmost  star  of  the  curved  line 
and  the  constellation  Cassiopeia  is  a  magnificent  cluster  of  stars, 
visible  to  the  naked  eye,  and  a  gorgeous  group  in  the  telescope. 
This  cluster  is  in  the  sword  of  Perseus,  and  the  curved  line  of 
stars  is  in  the  body  of  the  hero..  Another  method  of  tracing  the 
stars,  including  some  other  stars  in  the  southern  part  of  the  area, 
is  represented  on  the  chart  printed  in  this  number  of  Popular 
Astronomy. 

Auriga.  This  group,  east  of  Perseus,  contains  the  brilliant 
star  a  Aurigae  or  Capella.  From  it  may  be  traced  the  other  stars 
of  the  constellation ; — a  third  and  two  fourth  magnitude  stars 
south  of  it,  a  second  magnitude  star  fi  east  of  it,  a  third  magni- 
tude star  south  of  ft  and  two  stars,  of  the  third  and  second  mag- 
nitude respectively,  at  the  southern  boundary  of  the  area,  and 
with  those  just  named  forming  a  large  polygon.  The  second 
magnitude  star  last  named  is  now  included  in  the  constellation 
Taurus  and  called  fi  Tauri.  It  was  referred  to  above  as  marking 
the  tip  of  the  northern  horn  of  the  Bull.  In  the  ancient  figure  it 
also  marked  the  foot  of  the  charioteer  and  was  lettered  y  Aurigae, 
thus  affording  an  example  of  a  star  which  was  placed  in  two  ad- 
jacent constellations. 

Immediately  south  of  the  zodiacal  constellations  are  the  con- 
stellations Cetus,  Eridanus  and  Orion,  and  south  of  Orion  are 
Lepus  and  Columba. 

Cetos.— This  group  occupies  a  very  large  area  south  of  Pisces 
and  Aries,  and  contains  ten  or  more  bright  stars  scattered  about 
but  forming  no  special  figure.  Two  groups  may  be  formed,  first, 
two  bright  stars  a  and  y^  lying  east  of  a  Piscium,  and  which 
with  several  fainter  stars  mark  the  head  of  the  Whale,  and  sec^ 
ond  a  quadrilateral  of  bright  stars  in  the  Whale's  body  adjacent 
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to  which  on  the  west  are  two  more  bright  stars.  The  famous 
variable  star  o  Ceti,  which  is  usually  invisible  to  the  naked  eye, 
but  every  eleven  months  attains  the  brightness  of  a  fourth  mag- 
nitude star,  and  sometimes  even  of  a  second  magnitude  star,  is  in 
the  neck  of  the  figure  and  forms  a  triangle  nearly  equilateral  with 
y  Ceti  and  a  Piscium,  lying  south  of  them. 

BridantiS,— This  winding  constellation  is  only  in  part  visible  in 
northern  latitudes.  It  begins  at  the  eastern  part  of  the  area 
called  by  its  name,  close  to  the  brilliant  star  Rigel  in  Orion,  and 
winds  westward,  following  the  positions  of  ten  rather  faint 
stars.  Then  the  stream  turns  southward  and  southeastward, 
the  latter  portion  containing  nine  stars  of  nearly  equal  brightness 
all  lettered  r,  with  the  numbers  1,  2,  3,  etc.,  added  as  the  right 
ascensions  increase.  The  stream  then  turns  southward  and 
westward  and  is  lost  in  the  haze  about  the  horizon,  as  we  view  it 
in  northern  latitudes.  Southern  observers  can  trace  it  to  south 
declination  68^  where  it  terminates  in  a  bright  first  magnitude 
star,  a  Eridani  or  Achemar. 

Orion. — East  of  Taurus  and  Eridanus  lies  this  conspicuous 
constellation,  the  chief  features  of  which  are  the  three  stars  of  the 
second  magnitude  1^^  apart  forming  the  belt,  and  the  two  first 
magnitude  stars,  one  red  and  the  other  white,  north  and  south  of 
the  belt  respectively.  The  figure  maybe  traced  further  as  follows  : 
The  red  star,  a  Orionis  or  Betelgeuze,  makes  a  triangle  with  a 
bright  star  y^  about  8^  west  of  it,  and  a  fainter  star  X  north  of  it. 
Two  fainter  stars  are  close  to  X  and  they  mark  the  hunter's  head, 
the  stars  a  and  y  marking  his  shoulders.  South  of  the  belt  are 
three  stars  close  together  in  north  and  south  line,  the  northern 
one  quite  faint.  These  are  in  the  sword  and  the  middle  star,  ^,  is 
the  star  which  is  readily  resolved  in  the  telescope  into  the  trape- 
zium round  which  lies  the  wonderiul  Great  Nebula.  The  bright 
star  southwest  of  the  sword,  one  of  the  most  magnificent  in  the 
heavens,  is  fi  Orionis  or  Rigel.  It  marks  one  foot  (the  leg  drawn 
up)  and  a  star  8^  east  of  it  is  in  the  other  leg.  On  a  specially  dear 
evening,  a  curved  line  of  fainter  stars  near  the  boundary  of 
Taurus,  west  of  the  shoulder  may  be  readily  traced,  ns  shown  on 
the  chart. 

Lepns. — South  of  Orion  is  situated  this  little  group.  Its  char- 
acteristic stars  are  three  of  the  third  magnitude  forming  a  right- 
angled  triangle.  They  lie  south  of  Rigd  about  10^.  The  line 
from  Rigel  passes  near  two  fourth  magnitude  stars  which  mark 
the  ears  of  the  Hare,  and  four  other  fourth  magnitude  stars  two 
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southeast,  and  two  northeast  of  the  triangle  are  also  easily  dis» 
cemM. 

Co/amba.— South  of  Lepns  is  this  constellation,  the  chief  stars 
of  which  are  a  second,  a  third  and  a  fourth  magnitude  star  form- 
ing a  triangle  and  marking  the  body  of  the  Dove. 

The  Celestial  Equator  can  always  be  imagined  drawn  in  the 
sky,  without  the  aid  of  any  stars  which  are  situated  near  it.  For 
it  intersects  the  horizon  at  the  east  and  west  points  exactly,  and 
crosses  the  meridian  at  a  height  above  the  horizon  equal  to  90®, 
less  the  latitude  of  the  place  of  observation.  Reference  to  the 
chart  shows  how  the  constellations  just  described  are  placed  with 
r^ard  to  it  and  near  what  stars  it  is  drawn.  It  will  be  noticed 
that  it  passes  through  the  southern  part  of  Pisces,  the  northeast- 
em  part  of  Cetus,  the  extreme  southern  part  of  Taurus,  the  ex- 
treme  northern  part  of  Eridanus,  and  nearly  centrally  through 
Orion.  The  brightest  star  in  Pisces,  a  Piscium,is  2^.7  north  of  it, 
and  the  northern  star  of  the  belt  of  Orion  is  0°.4  south  of  it. 

The  Ecliptic  does  not  occupy  any  constant  position  with  regard 
to  the  horizon,  for  the  diurnal  motion  is  necessarily  along  the 
equator,  the  stars  describing  small  circles  whose  planes  are  par- 
allel with  the  plane  of  the  equator,  and  the  ecliptic  makes  an  an- 
gle of  23®  2T  with  the  equator.  Consequently  we  can  best  trace 
the  ecliptic  by  noting  the  constellations  through  which  it  passes, 
and  then  we  can  note  its  several  positions  in  the  sky  from  month 
to  month.  The  ecliptic  is  wholly  in  the  zodiacal  constellations, 
except  that  between  Scorpio  and  Sagittarius,  in  the  third  di- 
vision of  the  heavens,  it  crosses  the  area  named  Ophiuchus.  In 
the  first  division  above  described  it  shows  the  path  followed  by 
the  Sun  between  the  vernal  equinox  and  the  summer  solstice,  and 
hence  beginning  at  its  intersection  with  the  equator  in  Pisces  it  is 
to  be  traced  farther  and  farther  north  until  it  reaches  its  highest 
northern  point  as  it  enters  the  area  Gemini.  Its  exact  position 
may  be  readily  found  from  the  chart.  It  vrill  be  noted  that  the 
two  fishes  are  wholly  north  of  it  and  that  it  crosses  both  lines  of 
stars  marking  the  cord  connecting  them.  The  characteristic  tri- 
angle of  Aries,  which  is  20®  north  of  the  celestial  equator,  lies 
about  6®  north  of  the  ecliptic,  which  passes  nearly  half  way  be- 
tween the  Pleiades  and  Hyades. 

The  Solstitial  Colure,  dividing  the  first  and  second  divisions  of 
the  heavens,  may  be  approximately  traced  among  the  constella- 
tions above  described.  It  runs  only  about  2®  east  of  the  two  con-, 
spicuous  stars  §  and  B  Atirigse,  afid  it  leaves  the  leading  stars  of 
Orion  wholly  west  of  it,  the  bright  red  star  a  Orionis  being  less 
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than  3^  west  of  it.  It  passes  almost  exactly  through  0  Leporis, 
an  inconspictioiis  star  in  that  group,  east  of  the  leading  stars  of 
the  figure,  which  can  be  found  from  the  guiding  lines  on  the  chart. 

An  explanation  may  be  needed  of  the  words  east  and  west  as 
used  in  astronomical  descriptions.  North  and  south  are  more 
readily  understood,  but  even  in  their  use,  confusion  may  arise. 
North  is  towards  the  north  pole  along  any  hour  circle,  and  south 
the  opposite  direction.  Thus  the  direction  from  the  north  pole  to 
the  north  point  of  the  horizon  is  south.  As  we  face  the  north,  the 
direction  south  is  along  any  of  the  lines  radiating  from  the  north 
pole  in  any  direction.  As  we  face  the  south,  the  direction  north 
if  we  start  at  the  celestial  equator  is  along  conyerging  lines 
toward  the  north  pole,  and  the  direction  south  along  these  lines 
in  the  opposite  direction ;  after  crossing  the  equator  they  con- 
Tcrge  towards  the  south  pole.  The  direction  east  is  at  right 
angles  with  the  hour  circles  and  in  the  opposite  direction  in  which 
the  stars  moYC  in  their  diurnal  motion.  If  we  face  the  north  and 
view  the  drcumpolar  stars,  the  direction  east  is  along  the  diur- 
nal paths  of  the  stars,  (which  are  parallel  circles  smaller  and 
smaller  as  we  approach  the  pole),  in  the  direction  of  clock  hands 
or  clock-wise,  and  the  dire<ition  west  the  opposite  direction  or 
counter  clock-wise.  If  we  face  the  south,  the  direction  east  is 
towards  the  left  along  the  celestial  equator  or  any  small  circle 
parallel  with  it. 

The  constellations  of  the  first  division  can  best  be  studied  in 
the  autumn,  when  they  are  rising  in  the  east.  Indeed  as  a  gen- 
eral rule  the  constellations  which  rise  and  set  can  be  most  ad- 
vantageously learned  soon  after  they  have  risen,  and  they  should 
be  watched  carefully  for  several  months  that  they  may  still  be* 
recognized  in  their  western  positions.  In  March,  the  division  is 
in  the  west  in  the  early  evening.  Pisces  and  Cetus  cannot  be 
seen  to  advantage  if  at  all,  but  the  others  may  be  traced  without 
difiiculty.  If  this  is  done  it  should  not  be  forgotten  that  the 
task  is  only  half  completed,  for  it  is  suq)rising  how  different  the 
same  groups  will  appear  six  months  hence  when  they  are  in  the 
east.  This  is  especially  true  of  Andromeda  and  Perseus.  For 
this  reason,  a  careful  review  of  this  division  of  the  sky  should  be 
made  in  the  auttimn  evenings. 

The  following  table  contains  the  approximate  positions  of  the 
leading  stars  in  each  constellation. 
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Approximatb  Positions  of  thb  Lbading  Stabs  in  thb  Con- 
8tbllation8  bbtwbbn  0**  and  vi''  kight  ascbnsion,  omit- 
ting circumpolar  constbllations. 
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Systematic  obseryations  of  variable  stars  began  with  the  noted 
Argelander,  who  a  generation  ago  was  director  of  the  Observa- 
tory at  Bonn,  Germany.  He  perfected  the  method  which  bears 
his  name  and  in  1844  pubh'sbed  a  catalogue  of  18  stars.  Sch5n- 
feld  had  been  observing  variables  at  Mannheim  for  some  years, 
and  when  called  to  Bonn  to  succeed  Argelander,  con^nned  the 
work  and  brought  out  two  catalogues,  the  first  in  1866  contain- 
ing 119,  the  second  in  1875  with  148  stars.  Sch5nfeld  prepared 
the  ephemerides  of  variable  stars  which  were  printed  annually  in 
the  Vierteljahrsschrift  der  Astronomiscben  Gesellscbaft  till  his 
death  in  1891.  Since  that  time  they  have  been  prepared  by  Dr. 
Ernst  Hartwig  of  Bamberg.  Mr.  J.  E.  Gore  published  in  1884,  in 
the  Proceedings  of  the  Royal  Irish  Academy,  a  catalogue  of  736 
suspected  variables  and  in  1887  a  reviscfd  catalogue  of  known 
variables.    Dr.  S.  C.  Chandler  of  Cambridge,  Mass.,  published 
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his  first  catalo|2^e  of  variables  in  the  Astronomical  Journal  in 
1888.  His  second  catalogue  appeared  in  No.  300  of  the  same 
publication  in  1893.  This  is  the  latest  and  most  complete  pre- 
sentation of  the  subject  extant.  It  contains  260  known  variables, 
all  doubtful  stars  being  excluded,  the  author  adhering  strictly  to 
the  rule  that  no  star  shall  be  admitted  whose  variation  is  not  at- 
tested by  at  least  two  reliable  observers. 

The  observations  mentioned  so  far  have  been  entirely  visual, 
but  within  a  few  years  the  photographic  plate  has  been  called 
upon  to  furnish  data  in  this  department.  With  a  given  exposure 
the  brighter  the  star  the  larger  will  be  its  image  on  the  plate,  so 
that  photographic  magnitudes  are  commonly  deduced  by  measur- 
ing the  diameter  of  the  star  images  with  a  micrometer.  It  would 
follow  from  this  that  if  plates  of  the  same  region  were  taken 
from  time  to  time  the  diameter  of  the  disk  of  a  variable  would 
change  its  ratio  to  the  diameters  of  the  adjacent  stars,  so  that 
by  measuring  a  series  of  plates  the  variable's  light  curve  could  be 
drawn. 

A  telescope  specially  designed  for  stellar  photography  is  needed 
for  this  work  and  the  star  diskt^  must  be  measured  by  a  micro- 
scope provided  with  a  micrometer  eye-piece  in  order  to  attain  an 
accuracy  comparable  with  visual  results,  so  that  few  amateurs 
will  be  able  to  undertake  such  investigations.  Besides,  the  time 
required  to  expose  and  develop  a  plate  and  make  the  necessary 
measurements  would  suffice  to  observe  a  dozen  stars  visually. 
The  case  is  different  where  an  extended  series  of  plates,  covering 
a  large  area  may  be  taken  for  other  purposes.  These  may  also 
be  useful  for  detecting  variables  and  investigating  their  actions. 
The  plates  taken  under  the  direction  of  the  Harvard  College  Qb- 
servatory  at  Cambridge,  Mass.,  and  Arequipa,  Peru,  are  being 
meastired  and  many  new  variables  have  been  announced  as  a  re- 
sult. A  very  animated  discussion  has  arisen  in  regard  to, the 
weight  to  which  these  results  are  entitled,  and  the  widest  difler- 
ences  of  opinion  are  expressed.  It  is  perfectly  proper  that  any 
new  method  of  astronomical  research  should  be  subjected  to  the 
severest  scrutiny  in  order  that  its  weak  points  may  be  found  and 
strengthened  and  its  proper  field  assigned.  If  the  visual  and  pho- 
tographic results  do  not  agree,  all  will  be  interested  to  leari^ 
whether  the  fault  lies  in  one  or  tlie.other  system,, or  whether  it  19. 
due  to  imperfect  work  on  the  part  of  the  observer,  Late  num; 
bers  of  Astronomy  and  Astro-Pbjrsics  and  tiit  Astronomkal 
/ooroa/ contain  some  of  t^is  discussion,     , 

Although  good  visual  work  can  he  done  with  almost  any  in- 
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strttment  from  an  opera  glass  to  the  Yerkes  Telescope,  yet  some 
forms  are  cheaper  and  more  conYcnient  than  others.  The  main 
reqttirement  in  Yariable  star  work  is  light  gathering  power,  and 
this  can  be  had  at  a  comparatively  low  price  in  a  reflecting  tele- 
scope. The  writer  is  nsing  a  6.2  inch  silver-on-glass  reflector  of 
60  inches  focal  length,  made  by  J.  A.  Brashear  of  Allegheny,  Pa., 
which  is  a  model  of  convenience.  It  is  eqaatorially  mounted 
with  driving  clock  and  divided  circles.  The  R.  A.  circle  is  mov- 
able and  at  the  beginning  of  a  night's  work  is  set  by  pointing  on 
any  known  star.  Any  telescopic  star  can  then  be  fonnd  by  set- 
ting the  R.  A.  and  Decl.  verniers  directly,  without  the  trouble  of 
keeping  sidereal  time  and  subtracting  to  find  the  hour  angle,  as 
must  be  done  where  the  R.  A.  circle  is  fixed.  The  special  advan- 
tage of  a  reflector  of  short  focal  length  is  that  the  eye-piece  can 
always  be  brought  nearly  or  quite  to  the  level  of  the  eye  and  to  a 
horizontal  position,  so  that  the  observer  can  look  straight  for- 
ward and  be  spared  the  fatigue  of  crooking  his  neck  into  an  un- 
comfortable position.  The  best  observations  can  always  Be 
made  near  the  zenith,  but  zenith  work  is  very  trying  with  a  re- 
fractor, while  with  a  reflector  it  is  quite  convenient.  A  six-inch 
reflector  is  commonly  rated  as  equal  in  light  gathering  power  to 
a  five-inch  refractor,  but  the  loss  of  light,  about  four-tenths  of  a 
magnitude,  between  six  and  five  inches  is  frilly  made  up  by  the 
convenience  of  zenith  observations,  since  fully  four-tenths  of  a 
magnitude  is  absorbed  by  the  atmosphere  at  a  zenith  distance  of 
50®.  My  mirror  hns  been  in  use  nearly  two  years  without  resil- 
vering  or  even  repolishing,  and  yet  I  can  detect  no  deterioration. 
Charts  for  five  more  variables  are  presented  this  month.  These 
stars  Drill  be  in  convenient  position  for  evening  observation  in 
March  arid  April.  320,  U  Cephei  is 
one  of  the  most  interesting  of  the  Al- 
gol type  variables;  as  it  decreases  very 
rapidly,  losing  two  magnitudes  in 
abotit  two  hours.  It  is  then  station- 
ary for  about  two  hours  and  rises  to 
its  usual  brightness  in  the  same  in- 
terval of  time.  The  predicted  times 
of  minima  are  given  in  the  latter  part 
of  each  number  of  Popular  Astron- 
oiiT.  The  minima  will  occur  in  the 
evening  in  March,  so  that  observa- 
tions will  be  convenient,  and  they 
are  needed. 
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Variable  Stars. 


2815,  U  Geminoruxn  is  a  wonderftil  star.    Usaally  the  13th 
magnitude,  once  in  about  three  months  it  rises  rapidly  to  the  9th 
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magnitude,  then  decreases  more 
slowly  to  the  13th,  the  whole  op- 
eration occupying  two  or  three 
weeks.  Its  last  maximum  oc- 
curred 1893,  Dec.  8,  another  may 
be  looked  for  some  time  in  March 
or  April.  There  are  four  11  to  12 
magnitude  stars  within  10'  of  the 
place,  but  anything  as  bright  as  the 
10th  magnitude  will  be  the  variable. 
Three  inches  aperture  will  be  needed 
to  deal  with  it.  The  place  should 
be   examined   every   clear    evening       7^^*^  xo--  -fv- 

to  catch  it  on  the  rise,  as  it  sometimes  springs  to  a  maximum  in 
less  than  two  days. 

4805,  W.  Virginis  is  one  of  the 
shortest  of  the  "long  period**  varia- 
bles. 4816  and  5675  are  now  faint 
but  will  be  increasing  in  the  spring 
and  at  their  maxima  in  the  early 
summer.  They  will  require  3  or  4 
inches  aperture  in  March,  and  2  or 
3  inches  in  April  and  May. 

The  severe  winter  weather  has  re- 
stricted the  observation  of  variables, 
but  when  spring  opens  the  work  will 
be  comfortable  and  fascinating.    For 
a¥""  those  who  wish  to  begin  observing  in 
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March  I  would  recommend  the  flec- 
tion of  three  or  four  stars  from  the 
lists  given  in  this  and  the  preceding 
numbers,  observing  them  at  intervals 
of  a  few  days  and  adding  to  the  list 
as  practice  gives  facility.  Three  inches 
aperture  will  suffice  in  the  spring  to 
deal  with  793,814  and  1855  (see  Jan- 
uary number),  four  inches  will  be 
needed  for  5157  (see  February  num- 
ber). These  with  the  five  charted  in 
this  number,  give  nine  variables  avail- 
able for  evening  work  with  small  tele- 
scopes.    Mira,  from  which  some  have 
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Richard  Anthony  Proctor. 
(1837-1888.) 
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been  expecting  so  much,  is  not  likely  to  be  visible  to  the  naked 
eye  at  its  maximum  this  month  (Pebmary.) 

The  following  data  are  taken  from  Chandlers  "Second  Cata- 
logue of  Variable  Stars :" 


No. 

Star. 

1900. 
R.  A.                Decl. 

Red- 
ncM 

Magnlhide 
Max.            Min. 

Period 
daya. 

320 

2816 

4806 

4816 

6676 

UCcphci 
U  Geminonim 
W  Virfpnis 
Y  Vii^nis 
VCoroiwe 

h     m     0 
0  63  23 
7  49  10 
13  20  62 
13  22  38 
16  46  57 

o 

+  81  20.2 
+  22  16.8 

—  2  61.5 

—  2  39.2 
+  39  62.3 

0 

0.0 

0.4 

2.7 

6.9 

7.1 
8  9-9.7 
8.7-9.2 
8.0-9.0 
7.2-7.7 

9.2     • 
13.1 
9.8-10.4 

<13 
10.3-12 

2.49 
Irreg. 

17.27 
260.6 
356.6 

Ma^bngo,  III. 
1894,  Feb.  2. 


RICHARD  A*  PROCTOR. 


CHARLOTTB  R.  WILLARD. 


At  a  time  when  nieh  of  affairs  ap  truly  as  men  of  science  tnm 
with  increasing  interest  to  the  subject  of  Astronomy,  no  small 
importance  attaches  to  the  character  and  work  of  the  man  of 
whom  Professor  Young  could  say,  "As  an  expounder  and  popu- 
latizer  of  science  he  stands,  I  think,  unrivaled  in  English  litera- 
ture." 

'  Richard  A.  Proctor  was  born  in  Chelsea,  England,  in  the  year 
1837.  He  was'  the  youngest  of  four  children  in  a  home  where 
learning  and  refinement  greatly  influenccfd  the  character  of  later 
years.  Living  much  in  his  father's  library,  at  the  age  of  eleven 
we  find  him  familiar  with  works  of  Guizot,  Gibbon,  Euclid, 
Shakespeare  and  Dickens.  At  the  age  of  nineteen  he  entered  St. 
John's  College,  Cambridge.  That  his  attention  was  not  especially 
turned  to  mathematics  or  astronomy  during  his  college  career  is 
evident  from  the  following  statement  from  his  own  pen.  **I  left 
Cambridge  after  taking  a  respectable  degree,  with  just  so  much 
mathematics  as  I  cared  to  pick  up  in  the  time  I  could  spare  from 
literature  and  from  athletic  exercises  which  I  thought  desirable 
for  my  health,  then  rather  delicate.  I  had  read  absolutely  nothing 
in  astronomy  as  a  science,  not  imagining  then  how  full  of  inter- 
est that  science  would  one  day  be  to  me." 

It  had  been  his  mother's  wish  and  his  own  expectation  that  he 
should  enter  the  church  of  England.    Finding  that  this  could  not 
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be,  he  considered  Law  as  his  possible  profession,  but  at  length  be- 
came an  accountant  in  a  London  bank.  While  still  in  college  he 
had  married  an  Irish  lady,  and  perhaps  that  fact  led  him  at  this 
time  to  make  bis  home  near  Dublin. 

The  chance  finding  of  two  astronomical  books,  Nichols'  "Archi- 
tecture of  the  Heavens'*  and  Mitchell's  " Popular  Astronomy," 
at  a  Glasgow  bookstand  turned  his  thoughts  in  the  direction 
\^hich  determined  the  character  of  his  later  work.  As  his  interest 
in  astronomy  increased,  he  tells  us  that  he  became  possessed  of  a 
desire  to  fit  himself  to  be  the  teacher  of  mathematics  and  astron- 
omy not  of  schools  or  popular  audiences,  but  of  his  eldest  son, 
then  two  years  old. 

The  first  work  which  Mr.  Procter  published  was  a  paper  on 
"The  Colors  of  Double  Stars,"  which  appeared  in  the  Cotnhill 
Magazine  in  1863,  and  for  which  the  author  received  fifty  dollars. 
This  short  paper  of  nine  pages  represented  six  weeks'  labor,  some- 
times not  more  than  four  or  five  lines  having  been  completed  in  a 
day.  His  first  book,  "  Saturn  and  Its  System,"  was  favorably  re- 
ceived by  scientific  men,  but  proved  a  financial  burden  at  a  time 
when  he  especially  needed  remuneration.  The  years  which  fol- 
lowed were  full  of  varied  activities.  One  of  his  greatest  undertak- 
ings was  the  "Charting  of  324,000  stars  contained  in  Argelander's 
Great  Catalogue  showing  the  relations  of  stars  down  to  the  11th 
magnitude  veith  the  Milky  Way  and  its  subsidiary  branches." 
He  made  a  careful  study  of  the  rotation  period  of  Mars.  An  idea 
of  the  scope  of  his  work  may  be  gained  through  the  follow- 
ing partial  list  of  his  writings :  Star  Distribution,  The  Construc- 
tion of  the  Milky  Way,  The  Distribution  of  Nebulae  and  Star 
Clusters,  The  Proper  Motion  of  the  Stars,  The  General  Constitu- 
tion of  the  Heavens,  Geometry  of  Cycloids,  Half-hours  with  the 
Telescope  and  Stars,  Light  Science  for  Leisure  Hours,  Births  and 
Deaths  of  Worlds,  Border  Land  of  Science,  The  Expanse  of 
Heaven,  Myths  and  Marvels  of  Astronomy,  Our  Place  Among 
Infinities,  Flowers  of  the  Sky,  Poetry  of  Astronomy ;  also,  Health 
and  Happiness,  Watched  by  the  Dead,  Mental  Phenomena,  Luck 
and  Chance,  Athletics. 

During  the  last  years  of  his  life  he  was  editor  of  Knowledge. 
Perhaps  his  most  important  work  was  "  Tl^e  Old  and  New  As- 
tronomy "  with  which  he  was  occupied  at  the  time  of  his  death. 
It  has  since  been  completed  by  Mr.  A.  C.  Ranyard,  the  present 
editor  of  Knowledge. 

In  1872  Mr.  Procter  became  secretary  of  the  Royal  Astronom- 
ical Society  of  Great  Britain,  having  becai  previously  elected  fellow 
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PLATE  XVIII. 


View  of  First  Place  of  Interment. 


Monument  Erected  by  George  W.  Childs  to  the  Memory  of 

Richard  A.  Proctor,  October,  1893. 

Greenwood  Cemetery,  Brooklyn,  N.  Y. 


Popular  Astronomy,  March,  1894. 
From  Photographs  by  Wm.  Gray,  Brooklyn.  N.  Y. 
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of  that  society.  Between  the  years  1873-1884  he  made  exten* 
siTe  and  snccessfiil  lecturing  tours  in  the  United  States,  Great 
Britain  and  the  British  Colonies. 

In  1884,  at  the  dose  of  a  long  lecture  season  in  the  United 
States,  he  purchased  a  home  in  St.  Joseph,  Missouri,  and  a  winter 
residence  at  Lake  Lawn,  Florida.  In  social  life  Mr.  Proctor  was 
a  genicil,  entertaining  companion  and  a  firm  friend.  As  a  coti- 
Tersationalist  he  had  exceptional  gifts. 

On  the  eighth  of  September,  1888,  Mr.  Proctor  left  his  winter 
home,  intending  to  sail  for  Europe  a  week  later.  In  New  York  he 
was  taken  yiolently  ill,  and  two  days  after  his  arrival  died  of 
yellow  feyer  in  one  of  the  hospitals  of  that  dty.  As  there  was  no 
opportunity  for  friends  to  choose  for  him  a  permanent  resting 
place,  a  temporary  interment  was  made  in  the  undertaker's  lot 
in  Greenwood  Cemetery.  Here  his  body  remained  for  five  years 
in  a  wild,  uncared-for  spot,  unnamed  and  unhonored.  His  chil- 
dren earnestly  desired  to  provide  a  suitable  lot  and  monument  to 
honor  their  father's  memory,  but  had  not  the  necessaty  means. 
Interested  friends  mentioned  the  matter  to  Mr.  Geo.  W.  Childs  of 
Philaddphia,  and  he  with  characteristic  sympathy  and  liberality 
made  provision  for  the  work.  Through  the  kindness  of  William 
Gray,  Photographer,  433  Fulton  Street,  Brooklyn,  N.  Y.,  and  the 
advice  of  Mr.  Childs,  we  are  able  to  present  two  Greenwood 
views,  the  one  showing  the  spot  where*  Mr.  Proctor  was  first 
buried,  the  other,  his  present  resting  place  and  the  monument 
erected  by  Mr.  Childs. 

As  these  lines  are  bring  written  we  recrive  the  sad  news  of  Mr. 
Childs'  death.  We  would  pause  to  join  with  many  on  two  conti- 
nents in  a  tribute  of  honor  to  the  memory  of  this  man  who  was 
the  friend  of  all  sdence,  and  a  source  of  power  in  its  progress. 

Five  of  Mr.  Proctor's  children  survive  him :  Mary  Proctor,  ,a, 
writer  and  lecturer  on  Astronomy  who  is  now  a  resident  of  New 
York  dty;  Agnes  M.  Proctor,  a  student  in  Baird  College;  John 
M.  Proctor  of  Portland,  Oregon ;  Richard  J.  Proctor  of  Denver, 
Colorado;  and  Henry  Proctor  of  Brighton,  England.  The  ma« 
terial  for  this  sketch  was  kindly  provided  by  Miss  Miary  Proctor. 
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322         Photograph  of  the  Pleiades  and  Two  Asteroids. 


X  PHOTOGRAPH  OP  THB  PLBIADBS  AND  TWO  ASTBROIDa 


H.  C.  WILSON. 


A  photographic  plate  was  exposed  to  the  Pleiades  for  four 
hours  on  the  night  of  Jan.  30,  by  the  writer  at  Goodsdl  Ob- 
servatory. The  telescope  used  has  an  8-inch  objective  with 
three  lenses  by  the  Clarks.  It  was  driven  by  clock-work  and  the 
errors  produced  by  irregular  driving  and  refraction  were  cor- 
rected every  minute  or  two  by  the  observer,  who  was  looking 
through  a  o-inch  finder  at  the  star  Alcyone,  keeping  it  continu- 
ally bisected  by  two  cross-wires.  As  a  result  a  very  fine  picture 
was  obtained  of  the  nebula  involving  nearly  the  whole  group  of 
bright  stars  and  exhibiting  marvelous  details  of  structure  re- 
sembling those  of  the  great  nebula  of  Orion.  The  curious 
straight  lines  of  nebulosity  running  in  some  cases  from  star  to 
star  are  shown,  but  are  not  quite  so  narrow  and  hard-edged  as 
9hownin  the  reproductions  of  previous  photographs.  The  con- 
nection of  the  nebula  with  the  brighter  stars  of  the  Pleiades  is  so 
•obvious  that  one  could  hardly  doubt  it  after  inspecting  the  pho- 
tograph. 

All  the  star  images  are  round  and  well  defined,  the  very  faint- 
est star  visible  in  our  16-inch  telescope  being  easily  seen  on  the 
plate,  while  many  more  can  be  made  out  with  a  magnifying 
glass. 

Among  the  stars  on  the  plate  were  found  two  straight  lines, 
^ch  about  1.2  mm.  long,  having,  aside  from  their  length,  the 
same  structure  as  the  star  images.  These  were  at  once  suspected 
to  be  minor  planets  which,  because  of  their  motion  during  the 
four  hours  of  exposure,  impressed  lines  instead  of  round  dots 
upon  the  plate.  When  these  were  examined  under  the  microscope 
a  gap  was  found  in  the  middle  of  each  trail  corresponding  to  the 
five  minutes  in  the  middle  of  the  exposure,  when  the  plate  was 
covered  in  order  that  the  driving  clock  might  be  wound  and  the 
telescope  readjusted.  This  completely  verified  the  supposition 
that  the  lines  were  the  trials  of  minor  planets.  The  same  aster- 
oids were  photographed  again,  one  of  them  on  Feb.  1  and  both 
on  Feb.  3.  We  have  measured  their  approximate  positions  from 
the  three  photographs  obtaining  the  following  results : 
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38 

18.2      H 

t-23 

27 

49 

3 

39 

27.6 

-23 

28 

57 

3 

40 

51.6 

-23 

30 

38 

3 

41 

24.6 

-24 

50 

29 

3 

44 

17.0      H 

[-24 

54 

43 

Asteroid.  .  Central  Time.  R.  A.  Decl. 

h  m  h     m         ■  o       / 

a.  Jan.  30  9  22 
Feb.  1  7  32 
Feb.    3    8  30 

b.  Jan.  30  9  22 
Feb.    3    8  30 

The  briglitness  of  an  asteroid  is  somewhat  difficult  to  estimate 
from  the  trail,  since  the  rate  of  its  motion  as  well  as  the  duration 
of  exposure  enters  as  a  factor  into  the  intensity  of  the  trail. 
As  an  approximation  we  may  divide  the  trail  into  parts  equal  in 
length  to  the  diameter  of  star  images  of  the  same  intensity.  The 
ratio  of  brightness  will  be  the  number  of  parts  thus  obtained.  It 
remains  then  to  determine  the  brightness  of  the  stars  thus  used 
for  comparison. 

In  the  present  case  the  asteroid  trail  a  was  found  to  be  equal 
to  ten  stars  who^e  magnitude  was  estimated  to  be  14  on  Arge- 
lander's  scale.  This  according  to  the  usual  formula  would  giTNs 
the  magnitude  of  a  as  14  —  2.5  log  10  =  11.5.  Asteroid  b  was 
found  to  be  equal  to  twelve  stars  of  the  fifteenth  magnitude,  its 
resulting  magnitude  being  15  —  2.5  log  12  =  12.3. 

The  identification  of  an  asteroid  in  the  list  of  nearly  four  hun- 
dred is  something  of  a  task  unless  an  accurate  ephemeris  happens 
to  have  been  computed  for  that  particular  one  for  the  time  of  the 
observation.  A  large  number  of  such  ephemerides  is  published  iii 
the  Berliner  Jabrbach.  Each  covers,  however,  only  one  month 
near  the  time  when  the  planet  is  at  opposition,  and  in  the  present 
case  the  region  photographed  was  not  opposite  the  Sun.  Another 
table  in  the  Jabrbach  gives  the  time  of  opposition,  and  the  right 
ascension  and  declination  at  that  time,  of  each  minor  planet.  A 
little  study  of  this  table  will  generally  enable  the  observer  to  ex- 
clude all  but  five  or  six  of  the  known  asteroids  as  too  far  from 
the  given  region.  For  the  remaining  number  is  necessary 
to  calculate  the  latitude  and  longitude  or  right  ascension  and  dec- 
lination of  each  from  the  elements  of  their  orbits,  in  order  to 
compare  them  with  the  same  coordinates  measured  from  the  pho- 
tograph. Where  the  elements*have  been  brought  up  to  date,  this 
process  is  not  so  very  difficult,  but  when  the  elements  given  be- 
long to  an  epoch  several  years  back  it  is  necessary  to  calculate 
the  perturbations  of  the  orbits  by  the  large  planets,  a  process 
involving  much  labor. 

In  this  instance  the  asteroids  Nos.  (33),  (184),  (196),  (203), 
(207),  (235)  and  (309)  were  found  by  inspection  to  be  somewhere 
in  the  vicinity  of  the  region  of  sky  photographed.  The  calcula- 
tion of  the  latitudes  and  longitudes,  however,  showed  that  otij 
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(203)  was  within  the  region  of  the  photograph,  its  place  falling 
within  3"  of  longitude  and  5'  of  latitude  of  that  of  a.  The 
two  were  therefore  assumed  to  be  the  same.  The  asteroid  b  is 
I)robably  a  new  one,  although  it  is  possible  that  perturbations 
which  were  not  allowed  for  in  reducing  the  elements  of  (207)  and 
(309)  from  1889  and  1890  respectively  to  1894  may  have  suf- 
fidently  changed  their  orbits  to  bring  one  or  the  other  of  them 
into  the  place  of  b. 


TWO  NEW  VARIABLE  STARS.* 
M.  PLBMING. 


A  recent  examination  of  the  photographs  of  stellar  spectra 
forming  part  of  the  Qenry  Draper  Memorial  work  at  the  Har- 
Tard  College  Observatory,  Cambridge,  has  led  to  the  discovery 
that  the  stars  A.G.C.  157  in  R.A.  0^  10».4,  Dec.  —  32°  36',  Magn. 
8, and  B.D.  +  1°  3417  in  R.A.  17»»  14».5,Dec.  +  l""  37',  Magn.  9.5 
are  variable.  The  first  named  star  is  in  the  constellation  Sculp- 
tor and  its  magnitude  varies  from  6.5  to  10.  The  second  is  in 
the  constellation  Ophiuchus  and  it  varies  from  the  magnitude 
8.5  to  12.5.  The  approximate  positions  for  1900  are  those  given 
above. 

Harvard  College  Observatory, 
Cambridge,  Mass.,  Feb.  13, 1894. 


PLANET  NOTES  FOR  APRIL. 


H.  C.  WILSON. 


Mercary  will  be  "morniag  star**  daring  April,  and  will  be  at  greatest  elonga- 
tion, west  from  the  Son  27^  4(K,  on  the  tenth  of  the  month.  Mercuty  will  be  in 
conjunction  with  the  Moon  April  3  at  5^  37"*  p.  m.  central  time. 

VenuB  is  also  "morning  star"  and  is  nearing  greatest  elongation  west  from 
the  Snn.  The  greatest  distance  from  the  Sun,  46^  1(K,  will  be  reached  on  the 
morning  of  April  27.  This  will  be  a  favorable  month,  so  far  as  position  is  con- 
cerned, for  the  study  of  the  surface  markings  of  Venus,  although  the  fact  that  she 
is  onlj  visible  in  the  morning  will  be  a  drawback  to  all  but  the  most  enthusiastic 
amateurs.  On  the  morning  of  April  5  Venus  will  be  near  the  star  a  Aquarii,  con- 
junction in  right  ascension  occurring  at  2^  17™  A.  m.  central  time.  Venus  will  then 
be  IS'  south  of  the  star.  The  illuminated  portion  of  her  disc  will  increase  during 
the  month  from  one  third  to  one  half,  while  her  brilliancy  will  decrease  in  the 
ratio  ofl96  to  139. 

*  Communicated  by  Bdward  C.  Pickering,  Director  of  Harvard  College  Ob^ 
servatoiy. 
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Mara  itnproTes  a  little  in  posittoti  daring  April,  but  it  will  not  yet  pay  to 
8pend  much  time  in  ttying  to  obaerve  this  planet.  He  will  move  eastward  and 
northward  throngh  the  center  of  the  constellation  Cax>ricoma8.  As  he  is 
brighter  than  any  of  the  stars  in  the  constellation  it  would  not  be  dif&cnlt  to  iden- 
tify him  without  the  mddy  color  which  makes  him  so  consfncnons.  Mars  will  be 
in  conjunction  with  the  Moon  April  29  at  1  a.  M. 

Jupiter  will  be  pretty  low  in  the  west  during  the  obserring  hours  of  April,  but 
some  satisfactory  views  may  yet  be  obtained.  He  is  moving  slowly  eastward 
south  of  the  Pleiades.  Jupiter  will  be  in  conduction  with  the  Moon,  5^  south, 
April  9  at  5  A.  M. 

Saturn  and  Spka  (a  Yirginis)  make  a  fine  pair  in  the  south  in  the  morning. 
They  are  nearly  equal  in  brilliancy  but  differ  a  little  in  color,  Saturn  having  a 
golden  hue  while  Sptca  is  bluish  white.  Saturn  is  retrograding,  that  is  moving 
westward,  and  at  the  end  of  April  will  be  almost  directly  north  of  Spica.  He 
vrin  be  at  opposition  April  11  at  noon.  The  moon  will  pass  by  Saturn,  4^  to  the 
south,  April  10  at  9^  28»  P.  M. 

XJranuB  is  toward  the  southeast  from  Saturn  in  the  constellation  Libra.  On 
the  morning  of  the  27th  at  7^  11"^  he  will  be  in  conjunction  vrith  the  second  mag- 
nitude star  a  Librae,  being  only  A/  north  of  the  brighter  component  of  that  star 
which  is  a  wide  double.  The  motion  of  Uranus  is  so  slow  that  he  vrill  be  in  the 
vkintty  of  the  star  for  several  days,  so  that  this  vrill  be  an  excellent  opportunity 
for  the  amateur  to  be  sure  that  he  has  seen  this  fdanet.  Note  the  green  color  and 
the  visibility  of  a  definite  disc. 

Neptoae  may  be  olMerved  in  the  eariy  evening  but  has  past  the  most  favorable 
position.    He  is  about  halfway  between  t  and  e  in  the  constelliation  Taurus. 


Planet  Tables  for  April. 

[The  time*  given  are  local  time  for  Northileld.  To  obtain  Standard  Time*  for  Place 
In  api>roxiniatelj  the  Mune  latitude,  add  the  diflerence  between  Standard  and  Local 
Tine  if  weat  of  the  Standard  Meridian  or  •nbtract  if  east]. 

MBRCURY. 

Date.                B.A.                  Decl.                Rises.  Transits.  Sets. 

1894.              hm                  o/             hm  hm  hm 

Apr.      6 23  21.7        -    5  85         4  47  A.  M.  10  25.9  A.  M.  4  05  P.  M. 

16 23  53.8       -    2  52         4  81     "  10  28.5    "  4  16    ** 

26 0  49.0       +    2  20         4  22     "  10  84.4    **  4  47    " 

VBNUS. 

Apr.       6 22  12.1        -    8  86         8  47  A.  M.  9  16.6  A.  m.  2  46  P.  M. 

15 22  44.8        -    6  58         8  84    "  9  09.7    "  2  46    " 

26 23  20.6       -    4  22         8  20    "  9  06.1     "  2  62    ** 

MARS. 

Apr.       5 20  33.6       -  19  56         2  58  a.m.  7  88.8  a.m.  12  19  p.m. 

16 21  02.7        -  18  14         2  40    "  7  28.0    "  12  16    " 

26 21  31.1        -  16  18         2  20    "            7  17.1    "  12  14    •« 

JUPITBR. 

Apr.       5 8  54  5       4- 19  48         7  82  A.  M.  2  58.0  P.  M.  10  24  P.  M. 

'  16 4  02.9       +  20  09         6  69    *'  2  27.0     "  9  55    " 

26 4  11.9       -1-20  85         6  26     "  1  56.6     "  9  27    " 

SATURN. 

Apr.      6 18  26.5       -    6  06         6  49  p.  M.  12  28.3  A.  m.  6  07  a.  M. 

15 18  28.6       -    6  48         6  05     '•  11  46.1  P.  M.  5  27     ** 

25 18  20.8        -    6  82         6  22     "  11  04.0    "  4  46    ** 
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URANU8. 


Df  tc  R.  A. 

1894.  b       m 

Apr.       6 14  48.4 

16 14  46.9 

26 14  46.3 

Apr.      6 4  40.0 

16 4  41.0 

26 4  42.3 

Apr.       6 0  68.7 

16 1   36.5 

26 2  12.8 

Apr.       1 21  26.4 

3 23  03.0 

6 0  38.8 

7 2  22.6 

9 4  22.8 

11......  6  36.6 

13 8  46.6 

15 10  37.6 

17 12  17.5 

19 13  66.1 

21 16  38.2 

23 17  28.7 

26 19  20.3 

28 21  05.D 

30 22  41.6 


Dcd. 

-16  47 
-16  40 
-16  83 


+  20  41 
4-20  44 
+  20  46 


+  6  16 
+  9  67 
+  13  22 


ta    m 

8  61  P.  M. 

8  09     " 

7  28     " 

NBPTUNB. 

8  12  a.m. 
7  34    " 
6  66    " 

THB  SUN. 

6  34  a.m. 


6  17    " 
5  00    " 

THB  MOON. 

4  03  A.  M. 

4  36  " 

5  21  " 

6  02  " 

7  01  " 

8  43  •* 
11    12  " 

1  50  p.m. 
4  19     " 

6  42    " 

9  04    " 

11  16    " 

12  57  A.  M. 

2  04    " 
2  48    " 


Transits. 

ta    m 

1   49.9  a. 

I  09.1     • 
12  28.2     ' 


3  43.3  p.  M. 
3  06.1     " 
2  27.0     " 


12  02.6  p.  M. 
11  69.9  a.m. 
11  67.8    " 


8  46.6  k.  M. 

10  16.2     •• 

11  42.8    " 

1  18.4  p.m. 
3  10.6    " 

6  16.0    " 

7  16.6     " 

9  00.6    " 
10  32.4    " 

12  01.9  A.  M. 
1  3R.8     " 
3  19.1   •" 

5  02.6     " 

6  39.2     " 

8  07.6     " 


Sets, 
ta       m 
6  49  A.  M. 
6  09    " 
6  28    " 


11  14  p.m. 
10  36    " 
9  68    " 


6  31  P.  M. 
6  43    " 
6  66    " 


1  39  p.m. 
4  08  " 
6  19  " 
8  61  ". 
11  33  " 
1  46  A.  M. 
3  06  '* 
3  64  " 
32  " 
10    " 


4 
6 


6  02 

7  20    •' 
9  11    " 

11  23    " 
1  38  p.m. 


Phases  and  Aspects  of  the  Moon. 

Central  Time. 


New  Moon Apr. 

Perigee ** 

First  Quarter " 

Full  Moon 

Apogee " 

Last  Quarter " 


d 

h  m 

5 

10  00  P. 

M, 

10 

9  40  P. 

M. 

12 

6  32  P. 

M. 

19 

9  02  P. 

M. 

26 

1  55  A. 

M. 

27 

9  21  P. 

M. 

Approximate  Central  Standard  Times  when  the  Great  Red  Spot 
Trill  cross  the  Central  Meridian  of  Jnpiter. 


Apr. 


b  m 

h  m 

1i  m 

1 

7  26  P.  M. 

Apr.   11 

540] 

P.M. 

Apr.   21 

3  54  P.  M. 

2 

3  17  '• 

12 

11  27 

« 

22 

9  41  " 

3 

9  04.  " 

13 

7  18 

23 

5  32  " 

4 

4  55  " 

14 

3  09 

24 

11  19  " 

5 

10  42  " 

15 

8  56 

25 

7  10  " 

6 

6  33  •' 

16 

4  47 

.   26 

3  02  " 

7 

2  24  " 

17 

10  34 

27 

8  48  " 

8 

8  11  " 

18 

6  25 

28 

4  40  " 

9 

4  02  " 

19 

2  16 

29 

10  26  " 

10 

9  49  " 

20 

8  03 

30 

6  18  " 
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Jupiter's  Satellites  for  April. 


PbMMca  of  the  BcUpBCM  of  the  S&teUiteB  for  an  Inrerting  Telescope. 


m. 


n. 


IV. 


NoBcfipee. 


ConBgurmtion  mtT^/bran  Inrerting  Tekacope. 
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•1 

2- 

7 

3- 

2-    -1       O 
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Phenomena  of  Jupiter's  Satellites. 

Central  Time. 

Apr.    1     6  64  P.  K.       I     Tr.  In.                 Apr.  11     1  47  a.  m.  II  Sh.  In. 

-   •Sh.  In.  2  28      "  II  Tr.  Eg. 

•Tr.  Eg.  4  11     "  II  Sh.  Eg. 

Sh.  Eg.  11  47     •*  I  Oc.  Dm. 

Oc.  1)18.  2  60  p.  M.  I  Ec  Re. 

Ec.  Re.  12     8  66  a.m.  I  Tr.  In. 

Oc.  Dis.  9  47     "  I  Sh.  In. 

•Ec.  Re.  11  09     "  I  Tr.  Eg. 

•Oc.  Di8.  12  00  M.  I  Sh.  Eg. 

Oc.  Re.  6  13  p.  11.  II  •Oc.  Dis. 

Ec.  Di«.  10  17     "  II  Ec.  Re. 

Ec.  Re.  13     6  17  A.  M.  I  Oc.  Dis. 

Tr.  In.  9  19     *•  I  Ec.  Re. 

Sh.  In.  2  05  P.  11.  Ill  Tr.  In. 

Tr.  Eg.  4  19     '•  III  Tr   Eg 

Sh.  Eg.  5  31     "  III  Sh.  In. 

Tr.  In.  7  38     "  III  •Sh.  Eg 

Sh.  In.  14     3  26  A.M.  I  Tr.  In. 

Tr.  Eg.  4  16     "  I  Sh.  In. 

Sh.  Eg.  6  39     "  I  Tr.  Eg. 

Oc.  Di8.  6  29     "  I  Sh.  Eg. 

Ec.  Re.  1  26  P.  M.  II  Tr.  In. 

Tr.  In.  3  06     *'  JI  Sh.  In. 

Sh.  In.  3  62     "  II  Tr.  Eg. 

Tr.  Eg.  6  3<l     "  II  Sh.  Eg. 

Sh.  ^.  16  12  47  A.  M.  I  Oc.  Dis 

Oc.  Di8.  3  47     *•  I  Ec.  Re. 

•Ec.  Re.  9  66  P.  m.  I  Tr.  In. 

Oc.  Dis.  10  44     *•  I  Sh.  In. 

Ec.  Re.  16  12  10  a.  m.  I  Tr.  Eg. 

Tr.  In.  12  68     "  I  Sh.  Eg. 

Tr.  Eg.  7  37     **  II  Oc.  Dw. 

Sh.  In.  11  36     "  II  Eo.  Re. 

Sh.  Eg.  7  18  p.  M.  I  •Oc.  Dis. 

Tr.  In.  10  16     •*  I  Ec   Re. 

Sh.  In.  17     4  13  A.M.  Ill  Oc.  Dis. 

Tr.  Eg.  6  28     "  III  Oc  Re. 

Sh.  Eg.  7  34     ••  III  Ec   Dis. 

Tr.  In.  9  28     "  III  Ec.  Re. 

Sh.  In.  4  26  P  M.  I  Tr.  In. 

Tr.  Eg.  5  13     •*  I  Sh.  In. 

Sh.  Eg.  6  40     *•  I  •!  r.  Eg. 

Oc.  Dis.  7  27     *•  I  •Sh.  Eg. 

Ec.  Re.  18     2  60  A  M.  II  Tr.  In. 

•Tr.  In.  4  24     "  II  Sh.  In. 

Sh.  In.  5  17     ••  II  Tr.  Eg. 

Tr.  Eg.  6  48     "  II  Sh.  Eg. 

Sh.  Eg.  1  48  p  M.  I  Oc.  Dw. 

Oc.  Dis.  4  46     '*  I  Ec.  Re. 

Ec  Re.  19  10  67  A.  M.  I  Tr.  In. 

Oc.  Dis.  11  42     "  I  Sh.  In. 

•Ec.  Re.  1  11  P.M.  I  Tr.  Eg. 

Oc  Dis.  1  66     ••  I  Sh.  Eg. 

Oc.  Re.  9  02     "  II  Oc.  Dis. 

Ec.  Dis.  20  12  64  a.  m.  II  Be.  Re. 

Ec.  Re.  8  18     "  I  Oc.  Dis. 

Tr.  In.  11  11     "  I  Ec.  Re. 

Sh.  In.  6  32  P.  M.  Ill  •Tr.  In, 

Tr.  Eg.  8  48     '*  III  Tr.  Eg. 

Sh.  Eg.  9  34     "  III  Sh.  In. 

Tr.  In.  11  41     *'  III  Sh.  Eg. 
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Apr.  21    6  27  a.m.  I  Tr.  In. 

6  11     "  I  Sh.  In. 

7  41     "  I  Tr.  Elf. 

8  24  "  I  Sh  Eg. 
4  15  P.  M.  II  Tr.  In. 
6  42  •'  II  Sh.  In. 
6  41     **  II  'Tr   Er. 

8  07     "  II  Sh.  Eg. 
22     2  49  A  M.  I  Oc.  Dis. 

6  43     '•  I  Ec   Rc. 

11   67  P.M.  1  Tr.  In. 

28  12  39  A.  M.  I  Sb.  In. 

2  11     ••  1  Tr.  Eg. 

2  63     "  1  Sh.  Eg. 

10  27     "  II  Ck:.  Dm. 

2  13  P.  M.  II  Be.  Ke. 

9  19     "  1  Oc.  Dis. 
24  12  11  A.M.  I  Be.  Re. 

8  40     "  III  Oc.  Dis. 

10  66     "  III  Oc.  Rc. 

11  34     '*  III  Ec.  Dis. 
1  30  P.  M.  Ill  Be  Re. 

6  28     •*  I  'Tr.  In. 

7  08     "  I  •Sh.  In. 

8  42     "  I  Tr.  Eg. 

9  22     *<  I  Sh.  Eg. 
26     6  39  A.  M.  II  Tr.  In. 

7  00     ••  II  Sb.  In. 

8  06     "  II  Tr.  Eg. 

9  25     "  II  Sh.  Eg. 

3  49  P.  M.  I  Oc.  Dis. 


Apr.  26  26  40  p.  m. 

26  12  58     '• 

1  37     •* 

3  12     " 

3  60     " 

11  61     " 

27  3  31  A.  M 

10  20     •* 

1  09  P.  M. 

11  00     " 

28  1   16  A.  M. 

1  34     •• 

3  48     •• 

7  29     " 

8  06     •• 

9  43     " 
10  19     " 

7  04  P  M. 

8  18     " 

9  31     " 

10  43     *• 

29  4  60  A.  M. 
7  38     •• 

30  1  69     " 

2  34     " 

4  13     " 
4  48     ** 

1  17  P.  M. 
4  60     " 

11  21     •• 

2  06  A.  M. 


I 
I 
I 
I 
I 

II 

11 

I 

I 

III 

III 

III 

III 

I 

I 

I 

I 


Maj    1 


•Ec.  Rc 

Tr.  In. 

Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 

Oc.  bis. 

Be.  Re. 

Oc.  Dis. 

Ec.  Re. 

Tr.  In. 

Tr.  Eg. 

Sh.  In. 

Sh.  ^g. 

Tr.  In. 

Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 
II  •Tr.  In. 
II     Sh.  In. 

Tr.  Eg. 

Sh.  Eg. 

Oc.  Dm. 

Be.  Re. 

Tr.  In. 

Sh.  In. 

Tr.  Eg 

Sh.  Bf. 

Oc.  DiSk 

Ec.  Re. 

Oc  Dis. 

Ec.  Re. 


NoTB--In.  denotes  ingrens;  Eff.,  egress;  Dis.,  disapi>earance;  Rc,  reappear- 
ance; Ec,  eclipse.  Oc.  denotes  occnltation;  Tr.,  transit  of  the  satellite;  Sb., 
transit  of  the  shadow;  *  Visible  at  Washington. 


Annnlar  Bollpse  of  the  Son,  April  6,  1894.— This  will  not  be  visible 
in  the  United  States.  The  path  of  the  annnlar  eclipse  passes  from  a  point  in  the 
Persian  Gnlf,  across  Hindostan  and  China,  along  the  east  coast  of  Siberia,  end- 
ing in  Alaska.  It  will  be  visible  as  a  partial  eclipse  throughout  Asia,  north-east- 
em  Bnrope  and  partA  of  the  Indian  and  Pacific  Oceans. 

Elbmbnts  op  thb  Eclipsb. 

Greenwich  mean  time  of  conjunction  in  right  ascension 
April  5,  16>»    27»    89».2 

Hourly  motions    9».14  and  12t"  28 

Hourly  motion  iV  66"  7  N. 

Hourly  motion  16  63    7  N. 

Sun's  true  diameter         16  68  .6 

Moon's  true  diameter     16  45    6 


Sun  and  Moon's  R.  A.   I^"  00"  16«.90 
Sun's  declination  6**  26'  11".«  N. 

Moon's  declination        7    08   48  .6N. 
Sun's  cqua.  hor.  par.  8  .6 

Moon's  equa.  hor.  par.       57   62  .6 


ClRCUMSTANCBS  OP  THB  BCLIPSB. 


BcKpse  bei^ns  April   6,     13^ 
Central  echpsp  begins  "  ^ 

Central  eclipse  at  noon 
Central  eclipse  ends 
BcHpse  ends 


Greenwich  Time 

Long,  from  Greenwich. 

LaHtade. 

,      13*    16-.9 

72<»    24'.2E. 

6*>    33'.6S. 

14      24  .0 

68      61  .8  B. 

6      47  .4  N. 

16      27  .7 

113     42  .6  E. 

47      22  .3  N. 

17      28  .3 

157     80  .7  W. 

62      47  5  N. 

18      31  .6 

179     34  .2  W. 

49      44  .5  N. 
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Bloni^tioiui  of  the  8atellite«  of  Satitm. 

[In  the  diagram  the  points  marked  0  are  those  of  eastern  elongation  of  the 
sereral  satellites.  Their  positions  at  intervals  of  one  daj  after  eastern  elonga> 
tion  axe  indicated  bj  the  symbols  Id,  2d,  etc.] 


DiAOMAu  OP  THB  Appasbnt  Orbits  OP  Satdkn's  Satblutbs. 


1 

iflMA 

S. 

BNCBLADUS  Cont. 

DIONE  Cont. 

h 

h 

h 

Apr.    4 

2.7 

A.   M. 

B 

Apr, 

.    9 

8.7 

A.    M. 

B 

Apr 

.  11     12.9   A.   M. 

B 

6 

1.3 

i« 

B 

10 

6.6 

P.   M. 

B 

13      6.6  P.  M. 

B 

6 

11.9 

P.   M. 

B 

12 

2.4 

A.   M. 

B 

16    12.3      •• 

B 

6 

10.6 

i( 

B 

13 

11.3 

(1 

B 

19      6.0  A.  M. 

B 

7 

9.1 

II 

B 

14 

8.2 

II 

B 

21    11.6  P.  11. 

B 

8 

7.7 

•1 

B 

16 

6.1 

A.   M. 

B 

24      6.3      " 

B 

9 

6.3 

1* 

B 

17 

1.9 

P.    K. 

B 

27    11.0  A.  M. 

B 

10 

4.9 

tt 

B 

18 

10.8 

II 

B 

30      4.7      " 

B 

11 

3.6 

II 

B 

20 

7.7 

A.   M. 

B 

RHEA. 

12 

2.9 

A.   M. 

W 

21 

4.6 

P.   M. 

B 

13 

1.6 

14 

W 

23 

1.6 

A.   M. 

B 

Apr. 

3.  12.6  A.  M. 

B 

14 

12.1 

<c 

W 

24 

10.3 

II 

B 

7      1.0  P.  M. 

E 

14 

10.8 

p.   M. 

W 

26 

7.2 

P.   M. 

B 

12        1.4  A.   M. 

fi 

16 

9.4 

11 

W 

27 

4.1 

A.   If. 

E 

16      1.7  P.  M. 

B 

16 

8.0 

•1 

W 

28 

1.0 

P.   M. 

B 

21        2.1    A.    M. 

B 

17 

6.6 

II 

W 

29 

9.9 

II 

B 

26      2.6  P.  Iff. 

B 

18 

6.2 

t< 

w 

TETHYS. 

30      2.9  A.  M. 

B 

19 
20 
21 

3.8 
3.2 
1.8 

<i 
A.   M. 

4« 

w 

B 
E 

Apr. 

.     1 
3 

4.7 
2.0 

P.  M. 

II 

B 
B 

Apr. 

TITAN. 

1        6.4    A.    M. 

I 

22 
22 

12.4 
11.0 

p.   M. 

B 
B 

5 

7 

11.3 
8.6 

A    M. 

»i 

B 
B 

6      8.4      " 
9    10.3      " 

W 

s 

23 
24 

9.6 
8.2 

II 
i< 

B 
B 

9 
11 

6.8 
3.1 

« 

B 
B 

13      6  0      " 
17      2.5      " 

B 

I 

26 

6.8 

i< 

B 

13 

12.4 

II 

B 

21      6.6      " 

W 

26 

64 

II 

B 

14 

9.7 

P.    M. 

B 

25      7.8      " 

s 

27 
28 
29 
30 
30 

4.0 

2.6 

2.0 

12  6 

11.3 

II 
II 

A.   M. 

II 

P.    M. 

B 
B 
W 
W 
W 

16 
18 
20 
22 
24 
26 

7.0 
4.3 
1.6 
10.9 
8.2 
6.6 

II 
II 
II 
*• 
i< 
II 

B 
B 
B 
B 
B 
B 

Apr. 

29      2.5      " 
HYPERION. 

1        4.0   A.   M. 

7    11.2      " 
12      6.2  P.  M. 

B 

B 

I 
W 

BNCBLADUS. 

28 

2.8 

II 

B 

17      3.9  A.  u. 

'® 

30 

12.1 

II 

B 

22      8.3      *' 

B 

Apr.    2 
3 

12.3 
9.1 

P.   K. 

II 

B 
B 

DIONE. 

28      3.9  P.  M. 

I 

6 

6,0 

A.   M. 

B 

Apr. 

2 

7.9 

P.    M. 

B 

lAPETUS. 

6 

2.9 

P.   M. 

B 

6 

1.6 

II 

B 

Apr. 

9      9.0  A.  M. 

B 

7 

11.8 

II 

B 

8 

7.3 

A.   M. 

B 

27      9.2      " 

I 
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MininuL  of  Variable  Stara  cft  the  Al^ol  Tjrpe. 

[OiTcn  to  the  nearest  hoar  in  CentnU  Standard  Time.] 
U  CEPHEI.  s  CANCRI.  ^   CORONiE. 

K.  A, 0>»52»32» 

Dcd +81<»   17' 

Period 2d  11»»50» 


Apr. 


2 

6  a.m. 

4 

4  P.M. 

7 

4  a.  m. 

9 

4  p.m. 

12 

4  a.m. 

14 

4  p.m. 

17 

3  a.m. 

19 

3  p.m. 

22 

3  a.m. 

24 

3  p.m. 

27 

3  a.m. 

29 

3  p.m. 

R.  A 8»»  37"  39» 

Dccl +  19<»  26' 

Period 9d  11>»  38- 

Apr.    3       12  midti. 
13       12  noon. 
23       12  midn. 
S  ANTLIiE. 
(BTerjr  third  minimnm.) 

R.  A 9»»  27-  30- 

Decl -  28<>    09' 

Period Od  7»»  47- 

Apr.     1  8  p.  M. 


R.  A 16>»13"43* 

Decl +32*»08' 

Period 3d  10^  61" 

Apr.    4         3  A.  M. 


7 
11 
14 
17 
21 
24 
28 


2  p.m. 

lA.M. 

12  noon 
10  p.  M. 

9  a.m. 

8  p.m. 

7  a.m. 


U  OPHIUCHI. 


ALGOL. 

R.  A, ; 3>»    1«    1- 

Ded +  40*>  32' 

Period 2d  20^49- 


Apr.     3 

8  p.m. 

6 

6    " 

9 

2    " 

12 

11  A.  M. 

16 

8    " 

18 

4    " 

21 

1     *• 

23 

10  P.  M. 

26 

7    *• 

RCANISMAJORIS. 

R.  A, 

....  7*  14"  30" 

jueci.......*  ..1 

....-16<»     11' 

Period 

.  ..Id   3>»  16- 

Apr.    1 

2  p.m. 

2 

6    " 

3 

9    " 

4 

12  midn. 

6 

3  a.m. 

7 

6     " 

8 

10     " 

9 

IP.M. 

10 

4     " 

11 

8     " 

12 

11     " 

14 

2  a.m. 

16 

6    " 

16 

8    " 

17 

12  noon. 

18 

3  p.m. 

19 

6    " 

20 

10    *' 

22 

1a.m. 

23 

4    " 

24 

7     " 

26 

11     " 

26 

2  p.m. 

27 

5    " 

28 

8    " 

29 

12  midn. 

7  " 

7  " 
6  " 

6  " 
4  " 
4  " 

3  " 
2  " 

2  " 

1  '* 
12  noon. 
12  noon. 
10  A.  M. 

4  " 
10  •* 

9  '* 

9  " 

8  •• 

7  •• 
7  •• 
6  " 
6  " 
6  " 
4  •• 

3  " 
3  ** 

2  " 
1  " 
1  " 


3 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
d  hlBRJB, 


R.  A 14>»  66-  06» 

Decl -     8<»06' 

Period 2d07>»61- 


Apr. 


2 

6 

7 

9 

12 

14 

16 

19 

21 

23 

26 

28 

30 


7  P.M. 

3  a.m. 
11     *• 

7  p.m. 

3  a.  m. 
10    " 

6  p.m. 

2  A.  M. 

10   •* 

6  P.  M. 

2  a.m. 
10   •* 
6p-  m. 


...17»»  10-  56- 
...   +    1*^20' 
...  Od  20*08- 
6  a.m. 

2  " 

10  P.  M. 

6  " 
1    " 

11  A.  M. 

7  •• 

3  •• 

11  P.  M. 

8  " 

4  " 

12  noon 
8  a.m. 
4    *' 

12  midn. 

8  p.m. 
4    •• 

1    " 

9  a.m. 
6    '• 

1     ** 
9  p.m. 
6     " 

1  " 

9  a.m. 
6    " 

2  " 

10  p.  M. 

6     " 
2    " 

10  A.  M. 

6  " 

2  " 

11  P.  M. 

7  " 

3  " 


Decl.!.*!!!!!!! 

Period 

Apr.     1 

2 

3 

4 

6 

6 

7 

7 

8 

9 
10 
11 
12 
12 
13 
14 
16 
16 
17 
18 
18 
19 
20 
21 
21 
23 
23 
24 
26 
26 
27 
28 
28 
29 
30 

Y  CYGNI. 

R.  A 20>»  47-  40« 

Ded 4-  34«  16' 

Period Id  11*67- 

Apr.    1         1  p.  M. 

3  1  A.  M. 

4  1  P.  M. 
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YGYGNICOMT.                     YCYGNICOMT. 

YCYGNICOKT. 

Apr.  6 

1  A.  M.                Apr. 

16 

lA.  If. 

Apr.  24         1  A. 

M. 

7 

IP.M. 

16 

IP.  M. 

26         IP. 

M. 

9 

lA.M. 

18 

1a.m. 

27            1  A.  M. 

10 

IP.M. 

19 

IP.M. 

28         Ip. 

M. 

12 

lA.M. 

21 

I  A.M. 

30         lA. 

M. 

18 

IP.M. 

22 

IP.M. 

uihins^n. 

Occnltatloiui  Visible  at  Ws 

IMMBRSION 

BMBR8ION 

Date 

star's           Maffni. 
Nane.           tnde. 

Waahinsr-     Anffl< 
toiiM.T.    f*mN 

e      Waafain/t:-  Anffle 

pt.  ton  K.  T.  f  *iii  N  pt.  Du 

1894. 

ration. 

b 

m            o 

ta     ni            o           h 

m 

Apr.       8 

9Tatiri 7 

8 

17         74. 

9    12       266       0 

65 

10 

136  Tanri 6 

12 

35       160 

12    66        209       0 

20 

12 

»*  Cancri 6 

12 

57         66 

13    22       333       0 
iable  Stars. 

25 

Maxima  and  Minima  of  Vax 

Maxika 

Minima 

April      1    K  Hcnmlis 

April 

6    XBootis 

2    U  Vii^ia 

6    WScorpH 

10    RArietis 

6    SCygni 

11    VLconis 

13    R  Canpm  Yen. 

12    XScorpii 
14    V  Capncom: 

16    U  Monocerotis 

1 

16    UBootis 

16    L*  Puppis 

18    SUrssMaj. 

18    VCapncomi 

19    Rl^vre 

23    RUrsseMaj. 

20    U  Capricomi 

23    SVnlpecute 

26    S  Pisciptn 

28    TArietis 

Mew  Ajiteroide  1894  AQ,  AR  and  AS.— These  were  diacoTered  plioto- 
graphkallj  by  Cbarioit  at  Nice  on  the  nightii  of  Jan.  8  and  10.     Their  positions 
\  as  follows: 


1894 


G.    M.    T.  R.A.  Decl. 

h    m  h    m    •  ®     ' 

Jan.  8     9  26  7  2148  +20  01 

8      9  26  7  36 12  +  24 10 

AS         10    10  46  8  3316  +17  48 


DaJly  motion 

-48  +  1 

—  60  +  4 

—  44  +  6 


Mac. 

13 
13 
12.6 


Ntuneration  <»f  the  Asteroids  of  1893.— Dr.  A.  Berberich  who  prepares 
the  tables  of  Minor  Planets  for  the  Berliaer  Jabrbocb  sends  ns  the  following  note: 
"Yon  gave  recently  the  numeration  of  the  Minor  Planets  from  itstrononf- 
jie&e  Nacbtiebten  3194.  Yon  will  have  seen,  by  Bulletin  Aatronomiqae  Not.  and 
ilstr.  Naeb.  3201,  that  No.  369  mnst  be  omitted,  as  1893  L  proves  to  be  identi- 
cal with  (89)  JnHa.  I  took  every  precaution  in  order  to  avoid  similar  errors  in 
computing  the  dates  of  oppositions  for  1894,  but  it  is  impossible  to  vouch  for  the 
exactness  of  all  of  240  ephemerides,  only  60  of  which  ate  computed  in  duplicate. 
"The  later  planets  of  1893  receive  the  following  numbers. 

Discovered  by 
1893  AT  =  373  Charlois  Sept.  16 

AK=374  "  Sept.  18 

AL  =  376  "  Sept.  18 

AM  =  376  '*  Sept.  18 

AN=377  •'  Sept.  20 

AP  =  378  "  Dec     6 
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''The  name  'Chicago/ chosen  at  the  astronomical  Congress  for  a  minor  planet » 
has  been  conferred  bj  Professor  M.  Wolf  upon  the  planet  (334).  This  planet  pre- 
sents a  good  means  of  determining  the  mass  of  Jupiter.  It  undergoes  yery  re- 
markable perturbations  bj  that  great  planet.  The  planets  (163)  Hilda,  (190) 
Ismene,  (279)  Thule  and  (361)  are  also  exposed  to  considerable  perturbations, 
but  only  in  future  times.  A  conjunction  of  Hilda  and  Jupiter  some  years  ago 
coindded  with  the  perihelion  passage  of  Hilda  so  that  the  distance  of  the  two 
bodies  has  been  at  a  maximum. 

**I  find  that  the  Watson  planet  (175)  Andromache,  rediscovered  in  1893  by 
Charlois  and  photographed  in  1892  by  Wolf,  was  in  proximity  to  Jupiter  in  1886 
-87,  being  near  aphelion  and  moving  very  slowly.  As  the  period  of  (175)  is  near, 
ly  one-half  of  that  of  Jupiter  that  conjunction  will  be  repeated  every  11-12 
years,  in  about  the  same  position.  The  effect  will  be  a  retardation  of  the  mean 
motion,  probably  of  large  amount.  I  think  the  moderately  distant  planets  are 
of  greater  value  for  the  determination  of  Jupiter's  mass  than  those  very  remote, 
like  Hilda,  since  the  conjunctions  with  Jupiter  are  much  more  frequent.  Thus  in 
one  century  we  may  observe  8  conjunctions  of  Andromache  but  only  4  of  Hilda 
and  scarcely  3  of  Thule,  with  Jupiter." 


PRACTICAL  SUGGESTIONS. 


22.  Why  do  astronomers  use  high  magnifying  power  in  looking  at  the  fixed 
stars,  since  it  is  held  that  they  are  mere  points  of  light  without  any  sensible  disc? 

ilflswer.— It  is  true  that  all  stars  (except  our  Sun)  are  so  far  distant 
that  the  largest  telescope  has  not  power  to  show  any  real  disc.  What  is  seen  is 
an  intensely  lighted  spot,  not  a  point  of  light,  which  astronomers  call  a  spurious 
or  diffraction  disc.  This  false  disc  is  probably  due  both  to  irradiation  and  the 
wave  nature  of  light.  Bright  bodies  on  a  dark  background  always  appear  larger 
than  they  really  are  however  carefully  measured ;  this  effect  is  called  irradiation. 

In  studying  the  stars  by  the  aid  of  the  telescope,  the  observer  may  wish  to 
learn  their  colors,  magnitudes,  spectra,  motions,  binary  nature  or  some  other 
characteristic,  and  this  spurious  disc  and  its  light  are  the  given  quantities  in  the 
problem.  The  disc  consists  of  a  bright  center  rapidly  fading  out  to  darkness  at 
its  edges,  which  is  surrounded  by  a  series  of  colored  rings,  the  smallest  of  whic 
only  is  seen  easily  by  those  accustomed  to  observe  the  stars,  yet  any  one 
may  see  it  when  attention  is  called  to  it  under  favorable  circumstances.  The  dL 
ameter  of  this  false  disk  varies  inversely  as  the  aperture  or  size  of  the  object-glass, 
a  fact  which  is  somewhat  troublesome  to  those  who  have  not  studied  the  wave 
theory  of  light.  It  may  be  here  sufiident  to  say  that  astronomers  can^ calculate 
the  size  of  this  ring-and-disc  system  from  the  known  lengths  of  the  waves  of 
light  and  the  diameter  of  the  object-glass  of  the  telescope,  and  that  their  computed 
and  observed  sizes  agree  very  precisely.  Now,  if  an  observer  wishes  to  examine 
the  colors  of  bright  stars  even  in  good  "seeing,"  he  will  ordinarily  use  low 
powers  or  none  at  all,  because  he  has  light  enough  at  command.  But  when  he 
wishes  to  try  the  fainter  stars  the  case  is  different  and  magnifying  power  is 
needed.  To  understand  how  the  telescope  works  in  this  regard,  point  it  to  the 
sky  illuminated  by  daylight  and  notice  the  small  circle  of  light  on  the  lens  of  the 
eye-piece.  That  is  the  image  of  the  object-glass.  The  ratio  of  the  diameter  of  the 
object-glass  to  that  of  the  small  circle  is  the  magnifying  power  of  that  particular 
eye-piece.    The  same  eye-piece  on  telescopes  of  di£ferent  sizes  will  cause  this  light 
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cirde  to  vary  in  size  and  brightness.  Let  a  be  the  diameter  of  the  circle,  o  the  di- 
ameter of  the  object-glass  and  e  the  diameter  of  the  pupil  of  the  eye;  then  —  is 

the  magnifying  power.  If  s  =i  e  the  eye  can  use  all  the  light  from  the  celestial 
body  if  not  too  bright,  which  passes  through  the  object-glass  except  small  losses 

by  reflection  and  absorption.   The  amount  of  light  so  received  is  (  —  j  times  that 

which  would  be  received  by  the  naked  eye.    Also  the  apparent  area  of  the  circle  is 

magnified  ( -- )    which,  since  s  =  e,  is  the  same  as  the  increase  of  li/;ht.    Hence 

brightness  of  the  circle  is  the  same  as  the  naked  illumination  of  the  sky.  If  s  is 
greater  than  e  it  can  be  shown  that  the  same  conclusion  will  follow.  But  the 
most  common  case  in  practice  is  when  s  is  less  than  e;  then  no  light  is  wasted  and 

the  pupil  of  the  eye  is  filled.    The  light  received  is  I— J  times  that  the  naked  eye 

would  receive,  and  the  magnification  of  the  apparent  area  is  (  —  )  .  The  bright- 
ness of  image  then  is  to  brightness  of  object  seen  by  the  naked  eye  as 

(7)  :  (7).  or  a.  *»:««; 
that  is,  as  the  area  of  the  circle  to  the  area  of  the  pupil  of  the  eye.  So  that  for 
real  or  extended  surfaces  of  light  under  view,  it  is  impossible  by  any  optical  ar- 
rangement to  obtain  an  image  whose  brightness  shall  exceed  that  of  the  object 
itself.  But  this  rule  will  not  hold  in  regard  to  the  brightness  of  stars  in  all  par- 
ticulars. They  are  really  points  of  light  and  their  images  are  due  to  the  intensity 
of  the  light  source  as  a  point.    If  we  call  the  light  which  a  star  sends  to  the 

naked  eye  unity,  the  light  seen  in  its  image  will  be  (  j  )  ,  if  we  neglect  reflection 

and  absorption  in  the  path  of  the  ray  through  the  lenses,  and  it  is  the  square  of 
linear  magnification  if  the  false  disc  equals  the  pupil  of  the  eye  in  diameter.  But 
if  the  power  is  increased  by  change  of  eye-piece  the  disc  win  be  diminished  in  size 

and  thereafter  the  quantity  of  fight  remains  unchanged  being  (  T  )  •  This  expres- 
sion is  the  measure  of  the  space-penetrating  power  of  the  telescope,  shown  in 
revealing  faint  stars.  Latge  apertures  furnish  great  advantage  in  this  respect. 
The  visibility  of  fiaint  stars  in  the  telescope  is  also  promoted  by  darkening  the 
background  of  the  sky  surrounding  the  star  which  varies  directly  as  s*  and  in- 
versely as  the  magnifying  power  if  a  is  less  than  e.  Hence  use  high  power  for 
faint  stars.  But  in  the  case  of  a 'faint  comet  or  a  faint  nebula  the  low  power  b 
obviously  needed  for  best  results. 

23.  Is  the  illumination  of  the  image  of  a  star  in  the  telescope  altogether  A 
function  of  the  object-glass  ?  w.  b.  H. 

ilnswer.— No;  see  answer  to  number  22. 

24.  Capt.  Wm.  Koble  in  his  book  entitled  Hours  with  the  tbree-ineb  Tek' 
acopCf  recommends  the  use  of  power  160  in  viewing  stars  like  the  companion  of 
Polaris.  Why  not  use  a  lower  power  ?  Your  querist  can  not  see  that  star  with 
a  d%-inch  glass  with  power  as  high  as  160.  w.  b.  h. 

ilaswer.— The  companion  to  Polaris  should  be  easy  in  a  three-inch  telescope. 
Dawes  proposed  it  as  a  general  standard  finding  that  a  power  of  80  on  a  two-inch 
glass  would  show  it,  if  the  eye  and  telescope  are  good.    Other  astronomers  have 
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Ken  it  with  less  aperture.  Amateurs  mtist  not  be  discouraged  by  what  the  keen- 
eyed,  experienced  proiiesrionals  can  do.  Knowledge  of  the  star's  place  and  how 
it  looks  help  mnch  in  snch  tests. 

25.  Professor  Swift  says  (November  number)  that  the  great  nebula  of  An- 
dromeda is  spectroscopically  a  star  cluster.  The  Celestial  Handbook  by  Poole 
Brothers  says  that  spectrum  analysis  indicates  that  this  nebula  is  entirely 
gaseous. 

iinswcr.— The  nebula  of  Andromeda  is  classed  with  the  white  nebulae  and  the 
spectrum  of  it  is  continuous,  and  according  to  Young  ''perfectly  expressionless/' 
meaning  bv  that,  it  is  unmarked  by  any  lines  or  bands,  either  bright  or  dark. 
Although  the  spectrum  looks  like  that  of  a  stellar  cluster,  a  gaseous  mass  under 
pressure  would  appear  in  the  same  way.  So  also  do  masses  of  soKd  or  liquid 
when  heated  to  incandescence.  Neither  the  spectroscope  nor  the  telescope  decide 
anything  conclusively  about  the  white  nebulae  especially  the  brightest  one  of 
them  all,  the  Andromeda  nebula.  While  there  are  observations  that  support  the 
two  views  given  above,  it  seems  to  us  that  they  have  not  been  sufficient  to  deded 
the  question. 


GBNBRAI^  NOTES. 


It  is  suggested  to  subscribers  that  remittances  should  be  made  in  advance 
unless  arrangements  with  the  publisher  provide  for  a  later  pay  day. 

H.  H*  Turner  Honored. — On  the  14th  of  February  a  complimentary 
dinner  was  given  to  Professor  H.  H.  Turner,  by  the  sti^  of  Royal  Observatory, 
Greenwich,  and  other  astronomical  friends.  Professor  Turner  has  recently  been 
appointed  to  succeed  the  late  Professor  Pritchard  at  Oxford. 

The  Araso  Gold  Medal.--On  Feb.  6,  Professor  B.  B.  Barnard  of  Lick  Ob- 
servatory, Mt.-Hamilton,  received  the  Arago  Gold  Medal  from  the  Academy  of 
Sciences  of  France  given  on  account  of  the  discoverer  of  the  fifth  satellite  of  Jupiter. 
A  fuller  note  concerning  this  medal  will  be  found  in  the  January  number  of  Aa- 
troaotttjr  and  Aatro-Pbysics,  page  81. 

Miss  Dorothea  Klnmpke  now  at  the  Bureau  of  Measurements,  Paris  Ob- 
servatonr,  received  the  degree  of  Doctor  of  Sciences  on  the  14th  of  December, 
1893.    She  was  formerly  from  California  and  is  recently  spoken  of  in  the  French 

Kpers  as  the  young  American  woman.  She  was  given  equatorial  work  in  the 
iris  Observatory  under  the  late  Admiral  Mouchez,  who  spoke  freely  of  her  apti- 
tude and  skill  in  work  requiring  patience  and  precision.  The  theses  which  she 
presented  to  the  Faculty  of  Sciences  of  Paris  for  the  doctor's  degree  in  mathemati- 
cal science  are  papers  worthy  of  extended  notice  which  will  soon  be  given  in  Aa- 
tronomy  and  Aatro-PbyaicM.  But  the  amusing  thing  for  western  Americans  to 
read  fix>m  French  papers  is  the  suggestion  that  scholars  should  not  be  surprised 
at  the  success  of  young  women  in  mathematics,  for  physiologists  now  claim  that 
the  female  brain  is  peculiarly  adapted  to  the  study  of  the  exact  sciences,  and 
that  the  few  cases  known,  comparativeljr,  are  due  to  custom  rather  than  natural 
aptitude.  What  a  discovery  for  a  physiologist  to  make!  The  western  school- 
master knew  that  a  half  century  ago. 

Brrata*— In  December  number,  1893,  p.  148.  The  Perseid  radiant  given  as 
49®  -h  67**  in  the  table  should  be  49*>  +  67**. 

February,  1894,  p.  272.  The  correct  figures  showing  the  close  agreement  in 
independent  determinations  of  the  Perseid  radiant,  should  be  as  follows:— 

1879.  1880. 

▲vg.  Radiant,  kuf.  Radiant. 

G.  L.  Tupman 46-4-66       44-4-56 

H.Corder 46    -f67       46    -t-68 

B.  F.Sawyer 44\4-^67       4494-i-56% 

W.F.  Denning 46+68       44+66 

Februaiy,  1894,  page  264,  line  7,  ''west"  should  be  inserted  before  the  first 
word  "point;"  line  9,  "to"  should  read  "of." 
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THE  GBGBNSCHBIN  OR  ZODIACAJL  COUNTER  GLOW. 


B.  B.  BARNA.RD. 


Many  people  not  oyer  familiar  with  the  work  of  an  astronomer 
think  that  his  occupation  in  the  main  is  to  sit  at  the  telescope 
night  after  night  and  gaze  on  the  mysterious  and  wonderful  land- 
scape of  the  Moon.  These  same  people  will  sigh  for  the  astrono- 
mer when  the  Moon  finally  withdraws  its  wonders  from  the  sky 
for  a  few  days  near  new  Moon,  and  will  doubtless  wonder  what 
he  can  find  to  do  and  to  study  until  it  again  returns. 

No  one  questions  the  wonderful  charm  contained  in  a  view  of 
the  lunar  world,  and  its  mountains  and  craters  and  vast  silent 
plains  where  the  husbandman's  voice  can  never  be  heard. 

But  the  Moon  is  a  very  small  consideration  indeed  to  a  large 
majority  of  observers.  Of  course  when  it  is  around  they  look  at 
it  once  in  a  while  and  wish  they  knew  more  about  its  mysteries. 
Many  of  these  observers,  however,  wish  it  were  away  and  that 
it  never  would  return  again,  and  if  they  were  put  to  it  they 
would  declare  that  they  could  not  see  any  use  in  the  Moon  any- 
way outside  of  helping  to  run  the  tides  and  to  sometimes  guide 
the  occasional  sailor  along  his  watery  way,  and  to  suppyly  light 
for  silly  lovers  to  coo  by,  and  certainly  all  these  things  could  get 
along  easily  enough  by  themselves,  especially  the  last,  if  there 
were  no  Moon  at  all. 

For  these  beautiful  moonlight  nights,  that  are  so  successful  in 
producing  love  and  poetry,  are  the  bane  of  a  certain  class  of  ob- 
servers, for  the  silvery  beams  which  so  beautifully  and  softly 
illuminate  the  landscape  also  illuminate  the  atmosphere,  and  by 
whitening  the  sky  blot  out  from  view  a  host  of  the  most  impor- 
tant and  interesting  of  the  "citizens  of  the  sky."  The  glories  of 
the  Milky  Way— the  most  superb  of  all  the  wonders  of  the  sky — 
are  lost  in  all  this  glare  of  lunar  light.  They  require  the  un- 
touched blackness  of  space  to  set  off  the  richness  of  their  beauty. 
The  mysterious  and  beautiful  nebulae— the  original  matter  from 
which  all  things  come  according  to  the  Nebular  Theory— are  lost; 
their  filmy  light  requires  a  clear  moonless  night  to  present  them 
in  all  their  beauty.    The  mighty  comet  also  loses  its  grandeur  in 
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a  moonlit  sky,  and  that  one  which  would  otherwise  have  made  a 
record  passes  away  scarcely  noticed,  if  its  display  be  coincident 
with  a  bright  moon. 

It  is  true  the  planets  do  not  suflFer  from  the  presence  of  the 
Moon,  and  the  whitening  of  the  sky  on  which  they  shine  is 
rather  an  improvement  than  otherwise.  This  may  be  said  also 
of  the  individual  fixed  stars. 

There  is  one  thing  in  the  sky,  however,  that  the  least  glimpse 
of  moonlight  most  totally  anihilates,  and  there  is  perhaps  more 
mystery  connected  with  this  object  than  with  any  other  in  the 
entire  heavens.  Very  few  people  have  seen  it— indeed  I  don't 
think  there  are  many  scores  of  people  on  the  face  of  the  Earth 
who  have  seen  it.  And  there  are  comparatively  few  who  have 
ever  heard  of  it.  The  lack  of  familiarity  with  this  mysterious  ob- 
ject is  in  no  wise  due  to  a  lack  of  powerful  instruments,  for  it  is 
wholly  invisible  in  any  telescope— nor  is  it  due  to  the  smallness  of 
the  object,  for  it  is  certainly  the  biggest  thing  in  the  sky  so  far  as 
jippearance  goes. 

This  object  which  defies  the  power  of  the  telescope,  has  been 
"known  for  about  half  a  century,  yet  in  all  that  time  we  have 
-found  out  very  little  about  it  and  have  so  far  come  to  no  satis- 
factory conclusion  as  to  its  nature. 

In  the  first  half  of  the  century  a  German  astronomer,  Bror- 
sen  by  name,  in  watching  the  face  of  the  sky  cm  moonless 
nights,  noticed  a  large  feeble  glow  of  very  diffused  light  in 
the  midnight  sky.  This  feeble  light  was  from  10^  to  15^  in 
diameter.  He  soon  found  after  a  few  observations  that  the 
object  was  moving  nightly  towards  the  east  among  the  stars. 
A  series  of  naked-eye  observations  soon  showed  him  also 
that  it  was  not  only  moving  easterly  among  the  stars,  but 
that  it  was  exactly  opposite  the  Sun  and  always  remained 
so,  and  that  its  center  lay  exactly  in  the  ecliptic.  So  exactly 
did  it  move  with  and  in  opposition  to  the  Sun,  that  if  an 
imaginary  line  were  passed  from  the  Sun  through  the  center 
of  the  Earth  and  prolonged  to  the  sky  it  would  always  pass 
through  the  center  of  this  queer  object.  This  fact  being  estab- 
lished, suggested  to  the  Germans  a  name  for  it— they  accordingly 
called  it  the  Gegenschein— a  combination  of  two  words  gegen, 
opposite,  and  scbein,  light,  meaning  a  light  in  opposition. 

It  seems  afker  this,  for  a  time  to  have  been  neglected,  if  not  al- 
most forgotten. 

In  1871,  however,  it  was  again  independently  discovered  by 
Mr.  T.   W.  Backhouse  at  Sunderland,  England,  who  secured 
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observations,  that  confirmed  its  opposition  to  the  Stin.  But  even 
tbis  second  discovery  did  not  attract  attention  to  it  as  it  should 
have  done,  and  many  people  still  donbted  its  existence. 

In  1883  about  October  1st  the  writer  in  seeking  comets  at  Nash- 
ville, Tennessee,  one  night  happening  to  look  np  to  rest  his  eyes, 
saw  a  faint  hazy  glow  near  the  constellation  of  Pegasus.  This 
was  thought  to  be  a  bit  of  local  haze,  though  it  seemed  abnor- 
mally permanent.  The  next  night  it  was  seen  again  and  was 
therefore  no  ordinary  haze.  A  few  nights'  location  of  its  position 
showed  that  it  was  moving  along  the  ecliptic  eastward  about  one 
degree  a  day.  Could  it  be  an  immense  comet?  It  was  certainly 
no  ordinary  meteorological  phenomenon. 

The  positions  obtained  were  sent  to  an  eminent  astronomer 
with  the  suggestion  that  it  might  be  some  extraordinary  kind  of 
comet.    He  wrote  back  that  I  had  discovered  the  Gegenschein. 

Since  then  I  have  been  very  much  interested  in  the  object  and 
have  made  numerous  observations  of  its  position.  From  these 
observations  some  new  facts  have  been  developed  concerning  this 
remarkable  phenomenon. 

I  have  said  that  this  object  defies  the  power  of  the  telescope; 
this  is  true.  Prom  its  great  size  and  difiuse  nature  no  telescope 
can  grapple  with  it,  its  feeble  light  being  destroyed  by  the  power 
of  the  instrument  and  the  want  of  contrast— the  largest  field 
being  vastly  smaller  than  the  Gegenschein.  Though  it  can  not 
be  seen  with  any  telescope,  it  is  nevertheless  a  decidedly  noticeable 
object  with  the  naked  eye  when  you  know  where  to  look  for  it. 

Just  what  this  mysterious  light  is  no  one  has  yet  been  able  to 
satisfactorily  explain. 

Professor  Arthur  Searle  of  the  Harvard  College  observatory  has 
made  an  extensive  study  of  the  Gegenschein  and  is  inclined  to  be- 
lieve it  due  to  an  infinite  number  of  small  asteroids. 

Between  the  orbits  of  Mars  and  Jupiter  are  known  to  be  no 
less  than  four  hundred  small  planetary  bodies.  It  is  probable 
there  are  thousands  and  possibly  millions  more  of  these  dust 
worlds.  The  smaller  ones  found  in  recent  years  are  pehaps  not 
over  10  or  16  miles  in  diameter.  As  they  decrease  in  size  doubt- 
less they  multiply  in  number  \intil  finally  they  exist  in  untold 
multitudes  of  a  size  comparable  with  small  stones  and  particles 
of  dust,  which  no  telescope  will  show  individually.  Bach  one  of 
these  small  bodies  is  a  miniature  planet  and  must  shine  as  a 
planet  by  reflecting  the  light  of  the  Sun.  It  therefore  must  present 
to  us  phases  just  as  Mars  does,  but  from  the  smallness  of  the 
objects  we  cannot  see  these  phases— but  none  the  less  they 
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must  have  an  effect  on  the  brightness  of  each  little  asteroid,  and! 
must  diminish  its  light  accordingly. 

Let  ns  assume  there  are  a  sufficient  number  of  these  tiny  planets 
—though  they  may  be  too  small  to  be  seen  individually  in  a  tele- 
scope yet  their  combined  light  may  be  so  great  as  to  affect  the 
eye  and  thus  v^e  might  expect  to  see  a  feeble  zone  of  light  extend- 
ing across  the  sky  and  corresponding  to  the  asteroidal  zone. 
Such  we  actually  have  in  the  zodiacal  band.  What  would  be  the 
effect  of  phase  of  these  individually  small  bodies  upon  the  appear- 
ance of  this  zone  of  light?  When  opposite  the  Sun  each  of  the 
objects  would  shine  with  full  enlightened  disc,  and  this  vast  col- 
lection of  fully  illuminated  particles  would  augment  the  light  of 
the  zone  and  give  a  greater  luminosity  immediately  opposite  the 
Sun.  Away  from  opposition  and  the  phase  would  begin  to  di- 
minish the  quantity  of  illumination.  To  this  must  also  be  added 
the  fact  that  at  opposition  each  asteroid  would  be  nearer  us  and 
brighter  from  this  cause  also.  Both  causes  tending  to  give  a 
maximum  of  light  opposite  the  Sun — a  gegenschein. 

This  theory  certainly  appears  very  plausible,  but  there  are  ob- 
jections to  it. 

There  is  one  thing  certain,  if  the  gegenschein  is  not  really  an 
atmospheric  phenomenon — and  everything  except  the  fact  of  its 
existence  seems  to  go  against  this  supposition— it  is  at  a  consid- 
erable distance  from  us.  Carefril  observations  have  shown  no 
evidence  of  parallax.  Of  course  observations  of  such  an  indefinite 
object  cannot  be  made  with  anything  approaching  to  accuracy, 
but  if  it  were  at  no  greater  distance  than  100,000  miles,  its  par- 
allax would  have  shown  in  the  observations. 

That  a  satisfactory  explanation  of  this  most  singular  phenom- 
enon will  be  arrived  at  when  it  has  been  sufficiently  observed 
there  is  no  doubt.  Therefore  it  is  very  desirable  that  as  many 
careftd  observations  of  its  position  and  descriptions  of  its  ap- 
pearance as  possible  should  be  obtained. 

Here  is  a  field  which  offers  a  splendid  opportunity  for  amateurs 
to  do  new  and  valuable  work  where  no  instrument  whatever  is 
needed— nor  indeed  can  be  used.  AH  that  is  required  is  a  star  chart 
and  an  approximate  knowledge  of  the  time— to  within  an  hour 
or  so.  The  observer  will  find  much  to  interest  him  in  watching 
this— one  might  almost  say— uncanny  thing  as  it  circles  the  sky 
with  its  slow  and  measured  pace. 

The  gegenschein  is  best  seen  in  September  and  October  when  it 
is  passing  from  Sagittarius  to  Pisces.  It  is  then  a  large  and 
roundish  glow,  some  15*^  or  20*^  in  diameter.    After  passing  the- 
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Tcmal  equinox  it  becomes  elongated  and  is  connected  with  a  zod- 
iacal band.  The  position  of  its  center  shonld  be  carefully  located 
with  reference  to  neighboring  stars,  and  a  description  of  its  ap- 
pearance given.  A  knowledge  of  the  point  in  the  sky  opposite 
the  Son  shonld  be  avoided,  as  it  might  bias  the  observer  in  his  lo- 
cation of  the  gegenschein. 

In  the  fall  of  1893  systematic  observations  were  carried  over 
the  two  months  of  September  and  October  to  decide  certain  ques- 
tions concerning  it.  One  of  these  points  was  to  show  whether 
there  was  any  observable  parallax  to  the  object. 

Professor  Bailey  at  the  Areqaipa  (Pern)  station  of  the  Har- 
vard College  Observatory  was  to  make  observations  in  the  south- 
ern hemisphere,  while  observations  north  of  the  equator  were  to 
be  carried  on  by  Professor  Searle  of  Harvard  College  Observe^ 
tory  and  by  the  writer  at  the  Lick  Observatory.  These  observa- 
tions will  be  discussed  by  Professor  Searle  as  soon  as  the 
southern  reports  are  in.  Thus  we  have  for  the  first  time  sim- 
ultaneous observations  of  the  gegenschein  made  from  opposite 
hemispheres  of  the  Earth. 

These  will  definitely  settle  the  existence  of  any  parallax  as 
large  as  1®  or  2^.  However  there  is  no  question  but  this  will  be 
settled  in  the  negative— that  is,  the  object,  if  it  is  not  an  atmos- 
pheric phenomenon,  must  be  farther  away  from  us  than  half  the 
distance  of  the  Moon. 

That  the  object  is  intimately  connected  with  the  zodiacal  light 
iJbere  is  no  doubt,  and  the  explanation  of  the  one  doubtless  rests 
vpon  that  of  the  other. 

Mt.  Hamilton,  1894,  Feb.  1. 


LIPB  AND  WORK  OP  B.  B.  BARNARD.* 


8.  W.  BURNHAM. 

In  1881  Barnard  began  to  search  for  new  comets  with  his  five- 
-inch  telescope,  and  very  soon  discovered  the  comet  known  in  as- 
tronomical works  as  Comet  VI.  This  was  quickly  followed  by 
<iomet  1882  HI,  and  in  the  succeeding  year  by  Comet  1884  H  (a 
comet  of  short  period,  5.4  years,  due  again  in  1895).  The  next 
year,  1885,  yielded  two  new  comets,  1886  one,  and  three  more  were 
•discovered  in  1887.  Nearly  every  year  since  beginning  this  work 
he  bad  found  one  or  more  of  these  strange  celestial  visitors.    In 

*  Continued  from  Jannaiy  number.    This  ia  the  second  of  a  series  of  artides 
portions  of  which  have  already  appeared  in  Harper^a  Magaxiae,  An^nst,  1893. 
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the  seven  months  from  October,  1886,  to  May,  1887,  he  discov- 
ered four  nev^r  comets.  He  discovered  every  comet  of  the  year 
1891.  Many  of  these  have  proved  to  be  of  more  than  common 
interest,  in  consequence  of  their  periodic  returns  and  peculiarities 
of  motion  in  the  approach  to  and  recession  from  the  Sun. 

In  1883  he  left  the  photographic  business,  having  received  a  fd* 
lowship  in  Astronomy  at  the  Vanderbilt  University.  During 
these  preceding  years  he  had  given  all  his  spare  time  to  study^ 
working  in  the  day  time,  and  studying  alone  at  night,  and  had 
acquired  a  good  education  in  the  ordinary  branches  of  knovrl- 
edge.  He  was  promptly  placed  in  charge  of  the  Observatory  at- 
tached to  the  Vanderbilt  University,  and  continued  his  researches 
with  the  6-inch  equatorial.  This  instrument  was  superior  in 
power  to  that  previously  used,  and  having  a  fixed  equatorial 
mounting,  with  driving  clock  and  micrometer,  it  was  much  bet- 
ter adapted  to  the  work  of  determining  the  absolute  positions  of 
unknown  objects.  While  connected  with  the  Observatory,  he  took 
in  the  University  a  thorough  course  in  Bnglish,  French,  German, 
Mathematics  and  Physics;  and  graduated  from  the  School  of 
Mathematics  in  1887.  Work  with  the  telescope  was  constantly 
going  on,  and  in  addition  to  many  other  discoveries  and  obser- 
vations he  found  eight  comets  during  the  time  of  his  connection 
with  the  University,  one  of  them  completing  its  circuit  about  the 
Sun  in  less  than  five  and  a  half  years  and  having  next  to  the 
shortest  x>^od  known.  By  this  time  he  had  become  known 
throughout  the  world  as  the  leading  observer  of  comets,  and 
an  authority  upon  the  subject  generally.  Since  that  time  he  has 
found  not  less  than  ten  new  comets,  and  now  stands  at  the  head 
of  all  living  astronomers  in  the  number  of  comet  discoveries. 

While  he  was  still  at  Nashville,  and  working  his  way  through 
the  University,  he  had  an  opportunity  of  turning  his  astronomi- 
cal discoveries  to  a  very  practical  account.  Mr.  H.  H.  Warner  of 
Rochester,  N.  Y.,  in  connection  with  the  Warner  Observatory,  of- 
fered a  prize  of  $200  for  the  discovery  of  each  new  comet.  The 
zeal  and  industry  of  the  young  astronomer  in  this  field  were  duly 
rewarded ;  and  the  amounts  thus  received  were  turned  to  good 
account  in  supplying  him  with  books  and  other  necessary  acces- 
sories and  enabled  him  to  make  the  most  of  his  opportunities. 
In  this  way  Mr.  Warner's  liberality  in  rewarding  these  discov- 
eries was  a  more  permanent  and  valuable  contribution  to  astro- 
nomical science  than  he  could  have  imagined  at  that  time. 

The  work  at  Nashville  was  by  no  means  confined  to  comets. 
The  astronomical  journals  of  that  time,  show  a  great  variety  of 
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obsenrations.  One  of  these  discoveries  may  be  mentioned  b^ause 
it  is  tiniqtie,  and  illustrates  his  remarkable  skill  as  an  observer 
and  his  ability  to  detect  and  interpret  unsuspected  phenomena. 
In  1883  he  was  observing  an  occultation  of  the  well  known 
star  fi  Capricomi,  by  the  Moon.  It  is  probably  well  known  to 
most  readers  that  when  the  Moon  passes  between  the  observer 
and  a  fixed  star,  the  disappearance  of  the  latter  is  absolutely  in- 
stantaneous. This  is  because  the  star  at  the  distance  from  which 
we  look  at  it,  is  a  point  only,  and,  as  the  Moon  has  no  surround- 
ing atmosphere,  the  instant  the  edge  of  the  lunar  surface  touches 
the  line  joining  the  eye  of  the  observer  and  the  star,  the  star 
vanishes  from  sight.  When  the  Moon  passed  in  front  of  the  star 
refierred  to,  the  observer  noticed  that  instead  of  disappearing  in- 
stantly, the  process  was  gradual.  The  interval  between  the 
diminution,  and  complete  extinction  of  the  light  occupied  only  a 
few  tenths  of  a  second,  but  it  was  long  enough  to  put  the  expert 
observer  upon  inquiry,  and  was  evidently  a  matter  requiring  ex- 
planation. Mr.  Barnard  called  attention  to  this  curious  phe- 
nomenon in  one  of  the  astronomical  journals,  and  suggested  that 
the  most  probable  explanation  was  that  this  star,  always  here- 
tofore known  as  one  of  the  ordinary  type,  was  really  composed 
of  two  stars,  So  extremely  close  together  that  to  the  ordinary 
telescope  they  appealed  as  ooe  star.  It  was  also  inferred  that 
one  of  these  stars  must  be  considerably  brighter  than  the  other 
from  the  fact  that  at  the  beginning  of  this  fraction  of  a  second, 
the  change  in  brightness  was  less  than  at  the  end.  Subsequent 
examination  of  this  star  with  the  6-inch  telescope  with  which  the 
occultation  was  observed,  failed  to  show  any  peculiarity  in  it 
under  the  highest  powers,  and  therefore  the  attention  of  astron- 
omers with  more  powerful  telescopes  was  called  to  the  matter. 
The  18V6-inch  equatorial  of  the  Dearborn  Observatory  at  Chi- 
cago was  subsequently  turned  on  this  object  by  the  writer,  and 
it  was  seen  to  be  a  close  and  unequal  double  star,  and  one  which 
taxed  the  powers  of  that  splendid  instrument  to  show  it  even  to  a 
trained  eye.  A  set  of  mierometrical  measures  of  the  two  stars 
was  made  at  ^is  time,  and  it  was  subsequently  measured  with 
the  still  more  powerful  telescope  at  Mt.  Hamilton,  and  these  ob- 
servations make  it  highly  probable,  if  not  certain,  that  this 
double  star  is  an  interesting  binary  system,  the  two  stars  re- 
volving about  their  common  center  of  gravity  in  perhaps  several 
hundred  years. 

His  discoveries  of  Nashville  include  many  new  nebulae.    There 
is  very  little,  if  any,  difference  in  appearance  between  a  faint  tele- 
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8COpic  comet,  and  a  correspondingly  faint  nebula,  as  seen  in  the 
telescope;  but  the  class  to  which  the  unknown  object  belongs  is 
soon  determined  by  measuring  its  position  with  reference  to  some 
adjacent  star.  If  it  be  a  comet  it  will  soon  change  its  place  in  the 
sky,  and  occasionally  the  unknown  object  will  turn  out  to  be  a 
nebula  which  had  escaped  the  vigilant  search  of  the  Herschds, 
and  other  distinguished  observers  in  this  field. 

He  independently  discovered  in  1883  that  singular  phenomenon 
called  the  ''Gegenschein,"  which  is  an  extremely  faint  diffused 
light  seen  at  times  in  the  sky  at  night,  at  points  exactly  opposite 
the  Sun.  It  is  always  difficult  to  see,  and  even  now  but  few  of 
the  astronomers  of  the  world  have  seen  it,  although  it  was  first 
discovered  many  years  ago  by  a  German  astronomer.  The  cause 
of  this  appearance  is  still  a  mystety. 

In  1888  he  was  ofiered  a  position  in  the  Lick  Observatory  then 
about  to  be  opened  with  the  largest  equatorial  and  the  best 
equipment  of  astronomical  instruments  in  the  world.  The  temp- 
tation of  superior  facilities  for  astronomical  work  and  discovery, 
and  the  opportunity  to  devote  his  whole  time  and  strength  under 
these  circumstances  to  the  work  of  his  life,  left  no  hesitation  in 
regard  to  his  future  course;  and  much  to  the  regret  of  the  Univer- 
sity, and  the  citizens  of  Nashville  generally  he  left  for  Mt.  Hamil- 
ton, and  commenced  with  increased  enthusiasm  a  series  of 
brilliant  observations  and  discoveries  which  are  familiar  to  the 
astronomical  world,  and  to  the  readers  of  scientific  literature. 

It  is  impossible  within  the  limits  of  this  article  to  do  more  than 
briefly  refer  to  a  few  of  these  achievements.  They  are  recorded 
in  the  standard  astronomical  periodicals  and  publications  of  the 
world.  In  the  volumes  of  the  publications  of  the  Royal  Astro- 
nomical Society^  the  Astronomiscbe  Nachricbten^  the  Astronomi- 
cal Journal^  the  Sidereal  Messenger,  and  many  others,  will  be 
found  scores  of  papers,  not  of  a  speculative  or  descriptive  charac- 
ter, but  founded  upon  original  observations,  and  forming 
valuable  contributions  to  our  knowledge  of  the  universe  beyond. 

Reference  has  already  been  made  to  the  new  comets  discovered 
by  Barnard  on  Mt.  Hamilton  from  1888  to  1 892.  These  were  sys- 
tematically measured  from  night  to  night,  with  the  micrometer 
and  the  same  line  of  observations  followed  with  regard  to  the 
comets  discovered  by  other  observers,  as  well  as  the  returns  of 
the  various  periodic  comets.  Many  of  these  bodies  were  observed 
long  after  they  had  passed  beyond  the  reach  of  other  astron- 
omers. Comet  V  of  1889  was  followed  for  nearly  a  year  after  it 
had  become  so  faint  as  to  be  invisible  at  all  other  observatories. 
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In  the  course  of  his  observation  of  these  bodies  for  the  deter- 
mination  of  their  places  and  motions  around  the  Sun,  many  curi- 
ous things  were  fouod  out  concerning  these  mysterious  visitors.  In 
August,  1889,  he  discovered  that  Brook's  comet  of  that  year  was 
passing  through  space  with  four  minute  comet  satellites,  moving 
generally  with  the  parent  body,  but  with  some  relative  motion  of 
their  own.  Nothing  of  this  kind  had  ever  been  observed  before, 
and  it  naturally  attracted  a  great  deal  of  attention  from  the 
scientific  world.  Some  of  these  objects  were  very  faint  and  could 
only  be  seen  by  experienced  observers  with  large  instruments. 
They  were  fully  measured  by  Barnard  at  every  available  opportun- 
ity as  long  as  they  were  visible,  and  a  valuable  paper  embodying 
these  observations  was  published  by  him  in  the  Astronomiacbe 
Nacbricbten.  His  observations  of  new  and  periodic  comets  have 
always  had  a  special  value  from  the  fact  that  in  consequence  of  his 
keenness  of  vision  and  experience  in  observing  faint  and  difficult 
objects  of  this  class,  aided  by  superior  instruments  for  the  work, 
he  has  carried  his  measures  far  beyond  the  time  when  these  objects 
had  ceased  to  be  visible  to  other  observers.  With  the  large  tele- 
scope at  Mt.  Hamilton  he  followed  one  of  his  comets  (I  1889) 
more  than  one  hundred  millions  of  miles  beyond  the  orbit  of 
Jupiter.  The  extreme  distance  at  which  any  previous  comet  had 
been  seen  was  much  less  than  the  distance  of  Jupiter. 
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YIII.    The  Andrombdbs  of  Bibla's  Combt. 

Though  we  do  not  appear  to  possess  any  ancient  records  of  this 
shower,  its  modem  history  is  so  interesting  and  its  cometary  cor- 
relation so  remarkable  that  it  undoubtedly  takes  a  prominent 
place  in  this  department  of  astronomy.  It  has  famished  no  less 
than  three  brilliant  displays  during  the  last  quarter  of  a  century, 
namely,  on  November  27  in  1872  and  1885,  and  on  November  23 
in  1892.  Similar  exhibitions  will  probably  occur  in  1898, 1905 
etc.  There  are  visible  features  connected  with  this  system  which 
render  it  especially  worthy  of  attentive  study.  The  Perseids, 
Leonids  and  Orionids  have  rendered  us  familiar  with  the  swift, 
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streak-leaying  meteors,  but  the  Andromedes  present  us  with  an- 
other and  a  more  interesting  type,  for  they  move  very  slowly  and 
leave  trains  of  yellowish  sparks.  From  the  relative  positions  of 
the  orbits  of  the  Earth  and  meteor  stream  at  the  time  of  the  ren- 
contre, the  meteors  have  virtually  to  overtake  the  Earth,  and 
thus  their  apparent  velocity  is  near  the  absolute  minimum  of 
these  phenomena.  In  fact  the  apparent  motion  of  the  Andro- 
medes is  only  about  ten  miles  per  second,  whereas  that  of  the  Le- 
onids is  about  forty-four  miles  per  second,  for  the  latter  represent 
the  very  swiftest  class  of  these  bodies. 

The  radiant  of  the  Andromedes  is  a  very  singular  one,  for  it 
comprises  an  area  several  degrees  in  diameter  on  the  N.  W.  side  of 
y  Andromedse,  and  only  three  or  four  degrees  distant  from  that 
star.  For  the  great  shower  of  Nov.  27, 1872,  Professor  Herschel 
found  the  mean  place  at  24^.54  +  44^.74  from  90  observations 
by  different  observers.  •  For  the  similar  display  in  1885  I  de- 
rived the  mean  place  at  23^.7  +  44^.3  from  thirty-three  inde- 
pendent observations. 

As  to  the  difiuseness  of  the  radiation  Professor  Herschel  found 
from  his  observations  in  1872  that  60  per  cent  of  the  meteors  he 
recorded  indicated  a  circular  area  about  6^  in  diameter.  In  1885 
Mr.  Cowper  Ranyard  thought  the  area. to  be  elliptical  with  its 
major  axis  N.  and  S.,  some  12^  or  15°  long,  and  a  minor  axis  of 
of  6°  or  8°.  Professor  Young  also  found  it  oval,  and  stated  it  to 
be  4°  long,  N.  and  S.,  and  2°  wide.  At  Bristol  the  writer  esti- 
mated it  at  about  7°  diameter,  but  recognized  no  peculiarity  of 
shape.  In  1892  Professor  Young  alluded  to  the  shower  of  Nov. 
23  in  that  year  ais  giving  a  "radiant  not  well  defined,  its  area 
being  at  least  4^  in  diameter." 

Another  singularity  in  connection  with  the  radiant  is  that  its 
position  undergoes  considerable  variation  during  the  day  of  24 
hours.  This  has  not  been  fully  demonstrated  from  observation, 
but  the  late  Joseph  Kleiber's  theoretical  investigations  prove  that 
the  attraction  of  the  Earth  must  occasion  a  large  displacement  of 
the  radiant  as  observed  at  different  hours.  His  computed  posi- 
tions for  it  at  intervals  of  three  hours  from  noon  on  Nov.  26  to 
noon  on  Nov.  29  are  given  as  follows  in  Monthly  Notices^  Vol. 
in,  p.  352-3: 
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Positions  op  thb  Androicbd^  Radiant. 

Hour.  Not.  26.  No7.27.  Nor.  28. 


o 

16.96 

i 

15.14 

17.09 

9 

20.60 

12 

24.92 

11 

28.98 

29.21 

21 

24.04 

5«-o8 
47.40 
44.62 
43-33 
43.78 
46.25 

50.23 
+  53.56 


18.04 -j 

t- 51.60 

19.12 

16.22  - 

-47.98 

17.30 

18.07. 

-45.20 

19.25 

21.68- 

-43.91 

22.76 

26.00- 

:»? 

27.08 

30.06  - 

31.14 

30.29- 

-  50.81 

31.37 

25. 12  -| 

(-54.14 

26.20 

52.18 

48.56 
45.78 
44.49 
44.90 
47.41 
51.39 
54.72 


The  following  diagram,  taken  from  one  by  Mr.  Kleiber,  exhibits 
in  a  graphic  manner  the  cnriousy  ronghly  circnlar  motion  of  this 
radiant. 


Fig.  10.    Motion  of  the  Radiant  of  Andrombdbs. 

The  table  and  diagram  given  above  will  scarcely,  however,  ap- 
ply correctly  to  ftiture  returns  of  the  shower  as,  from  the  obser- 
vations in  1892,  they  will  probably  occnr  on  Nov.  23  instead  of 
on  Nov.  27  as  formerly.  This  is  confirmed  by  M.  Bredichin  in*a 
paper  published  in  the  Astronomiscbe  Nacbricbten^  No.  1219,  in 
which  he  states  ''the  descending  node  of  the  stream  has  receded 
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almost  4"*  to  the  west  between  1885  and  1892.  The  cause  of 
this  is  due  to  Jupiter,  the  perturbations  set  up  by  this  planet  ac- 
counting for  the  mean  daily  motion  which  is  nearly  equal  to  that 
possessed  by  Biela's  comet.  An  approximate  computation  of 
the  special  perturbations  for  the  whole  period  during  which 
Jupiter  had  any  influence,  gave  for  the  recession  of  the  node  a 
little  over  4^,  the  inclination  decreasing  about  0°.6."  From  this 
it  will  be  seen  that  the  alteration  of  date  in  the  shower's  return 
is  distinctly  attributable  to  the  disturbing  action  of  Jupiter  and 
that  observation  and  theory  are  in  excellent  accordance  as  to  the 
extent  of  the  disturbance. 

A  great  number  of  minor  showers  manifest  themselves  simul- 
taneously with  the  Andromedes,  but  they  appear  to  be  similar  in 
many  cases  to  those  accompanying  the  Leonids  a  fortnight 
earlier  in  the  same  month.  It  will  therefore  be  unnecessary  to 
•enumerate  them  in  anything  like  a  complete  manner,  but  a  short 
list  is  api)ended  of  16  radiants  comprising  some  of  the  best  visi- 
ble at  this  epoch : 

Meteoric  Radiants  Visible  Nov.  25-30. 


61  +  37  155  +  40 

63  -j-  21  162  -f-  58 

70  -f  66  190  4-  58 

74  +  41  194  +  43 

79  +  23  332 


:?i 

The  majority  of  these  may  be  expected  to  prominently  attest 
their  existence  in  liature  years. 

More  observations  of  the  Andromedes  will  doutless  elicit  some 
farther  interesting  developments.  Among  the  features  requiring 
attention  may  be  mentioned  the  following: — 

1.  Are  some  of  the  meteors  visible  every  year  ?  Existing  ob- 
servations are  insufficient  to  settle  the  point.  If  the  stream  re- 
curs annually  it  must  form  a  complete  ellipse  like  the  Leonids, 
Ferseids  and  many  other  showers. 

2.  What  is  the  diameter  of  the  radiant  area  ?  Is  it  oval  or 
circular?  Very  accurate  mapping  of  a  number  of  paths  near  the 
radiant  will  be  necessary  to  define  this. 

3.  What  are  the  horary  positions  of  the  radiant  centre  during 
the  night  ?  It  is  very  desirable  to  ascertain  this  in  order  to  prac- 
tically test  Mr.  Kleiber's  deductions.  It  may  easily  be  done  dur- 
ing a  really  active  return  of  the  shower;  indeed  the  radiant 
might  then  be  deduced  every  half  or  quarter  of  an  hour  and  the 
resulting  series  of  positions  would  offer  an  excellent  means  of 
comparison  with  those  derived  from  theory. 
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4.  What  is  the  duration  of  the  shower?  In  1872  the  display 
appears  to  have  been  limited  to  the  27th,  whereas  in  1885  it  con- 
tinued from  November  25th  to  30tb.  The  Barth  nndonbtedly 
traverses  the  very  rich  portion  of  the  stream  in  a  few  hours,  but 
it  is  desirable  to  note  how  long  the  radiant  is  in  evidence  even  in 
a  feeble  state.  Observations  should  be  conducted  from  the  mid- 
dle to  the  end  of  November  and  special  eflForts  should  be  made  in 
1898  or  any  other  year  promising  an  abundant  display. 

Some  other  points  might  be  referred  to  but  for  the  present  the 
above  short  summary  will  suffice.  The  questions  propounded 
will  doubtless  be  answered  at  some  future  time,  for  observers  veill 
never  neglect  a  system  possessing  such  significant  relations.  We 
have  already  determined  its  radiant  accurately,  but  it  must  be 
confessed  that  our  knowledge  is  very  inadequate  as  regards  cer- 
tain other  details  of  its  visible  behavior.  The  story  of  its  physi- 
cal identity  with  Biela's  lost  comet  is'  an  old  one  and  need  not  be 
toldjagain  here,  but  the  circnfnstance  referred  to  gives  a  special 
interest  to  the  stream  apart  from  the  great  attraction  it  pos- 
sesses in  itself  from  the  brilliant  character  of  its  periodical 
displays. 


HOW  TO  FIND  THB  ORBIT  OP  A  DOUBLE  STAR  BY  A 
GRAPHICAXr  METHOD.* 


8.  W.  BURNHAM. 


With  this  arrangement  we  can  change  the  eccentricity  of  the 
ellipse  very  quickly  and  conveniently,  and  without  making  any 
knot  or  loop  in  the  other  end  of^the  wire,  as  it  is  easily  held  in 
place  by  the  hand.  After  experimenting  with  the  foci,  axis,  etc., 
until  the  proposed  ellipse  is  apparently  satisfactory  for  a  first  at- 
tempt, the  outline  is  made  in  pencil  lightly,  and  the  foci  marked 
so  that  when  a  second  trial  ellipse  is  made,  the  variation  in  these 
points  and  the  length  of  the  Major  axis  can  be  quickly  made. 
The  next  step  is  to  measure  the  areas  of  the  several  portions  of 
the  ellipse  represented  by  measures,  and  ascertain  whether  they 
are  proportional  to  the  respective  times.  At  first  they  will  prob- 
ably be  only  roughly  so,  but  it  will  be  apparent  how  to  improve 
it  in  a  second  trial.  This  must  be  done  by  successive  attempts 
tmtil  after  a  most  careful  comparison  of  the  apparent  orbit  with 

*  Contixiiaed  from  February  number,  p.  248* 
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the  observationsy  considered  each  upon  its  own  merits,  the  restdt 
is  considered  as  satisfactory  as  can  be  found. 

This  cannot  be  done  too  thoroughly  and  carefully,  since  every- 
thing depends,  in  this  as  in  all  other  methods,  upon  the  accuracy 
with  which  the  apparent  orbit  represents  the  measures.  When 
this  is  properly  done,  the  elements  of  the  real  orbit  are  readily 
found.  Whatever  methods  are  used,  the  results  should  be  the 
same. 

It  must  be  borne  in  mind  that   the  ellipse  must  represent 
the  distances  well.    The  distances  of  binary  stars  when  measured 
by  observers  of  experience  with  the  micrometer,  are  always  bet- 
ter than  the  angles ;  and  therefore  the  apparent  ellipse  should  be 
such  that  the  measured  distances  fall  very  near  the  curve,  so  that 
with  a  reasonable  change  in  the  angles  they  will  conform  al- 
most exactly.     With  close  pairs,  such  as  we  have  in  nearly  all 
rapid  binaries,  an  expert  observer  can  estimate  the  distances, 
which  in  most  instances  are  considerably   less  that  O^^.S,  and 
down  to  (y^.lf  more  accurately  than  any  one  can  measure  the  po- 
sition angles.    The  reason  for  this  is  obvious  when  we  consider 
how  short  the  base  line  is  for  measuring  the  angle,  and  how  in- 
significant to  the  eye  a  change  of  even  ten  degrees  from  parallel- 
ism would  be.    Some  of  the  old  computers  attempted  to  dispense 
with  the  distances  altogether,  and  get  orbits  based  on  angles 
alone.  However,  satisfactory  these  results  may  have  appeared  at 
that  time,  it  is  certain  now  that  the  plan  was  as  uxueUable  in 
practice  as  it  was  in  theory.    Dr.  See  has  pointed  out  (Astron- 
omy AND  Astro-Physics,  December,  1893,)  that  some  of  the 
best  known  orbits  at  the  present  time  are  founded  upon  the  meas- 
ured distances  alone.     Such  a  course  was  necessary  in  these  in- 
stances because  the  plane  of  th^  orbit  was  almost  exactly  in  the 
line  of  sight,  and  consequently  the  position  angle  was  practically 
constant.    Of  course  the  logical  and  scientific  way  is  to  use  all  of 
the  measures,  angles  and  distances,  whenever  it  is  possible  to  do 
so.    It  is  only  in  this  way  we  can  expect  to  get  the  best  possible 
result  from  the  observations. 

It  is  sometimes  desirable,  especially  when  the  original  diagram 
is  to  be  reduced  in  the  camera  for  reproduction,  that  the  final  el- 
lipse should  be  put,  as  the  other  lines  and  positions  have  been,  in 
india  ink.  This  is  easily  done  if  a  very  small  hole  is  drilled  in 
one  side  of  the  drawing  pen,  about  one-sixteenth  of  an  inch  from 
the  lower  end,  and  a  piece  of  a  small  wire  firmly  fastened  in  the 
hole,  and  projecting  outwardly  sufficient  to  catch  and  hold  up 
the  string  or  wire  as  the  pen  moves  around  in  describing  the 
ellipse.    In  this  way  ink  can  be  used  as  readily  as  a  pencil. 
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It  will  occasionally  happ^  that  it  is  necessary  to  draw  an 
ellipse  so  elongated  that  the  string  should  not  be  depended  on  to 
make  a*  figure  which  is  sufficiently  exact.  In  snch  a  case  points 
shonld  be  laid  down  at  various  portions  of  the  curve  to  fix  its 
boundaries.  The  general  form  of  the  ellipse,  and  the  dimensions 
of  the  axes  can  be  found  in  the  manner  previously  described. 
The  following  is  an  easy  and  accurate  method  of  finding  the 
boundary  of  such  an  ellipse.  i    '  . 

Lay  down  the  major  axis  AB  and  the  semi-major  axis  CD.  On 
AB  as  a  diameter,  describe  the  semi-circle  ABB,  and  then  find  the 
ratio  of  EC  to  DC.  At  equal  distances  from  the  center  of  the 
circle,  draw  any  convenient  number  of  parallel  lines  at  right 
angles  to  AB,  and  on  them  from  the  intersection  of  the  respective 
lines  with  the  diameter,  lay  down  the  points  a,  6,  c,  etc.,  having 
the  same  ratio  to  the  Unes  as  EC  :  DC.  These  points  will  lie  in 
an  ellipse  which  will  be  a  projection  of  the  circle  described  on  AB, 
and  the  ratio  of  EC  to  DC  will  be  the  cosine  of  the  inclination. 


Of  course  it  will  only  be  necessary  to  find  the  points  a,  b^  c,  etc., 
for  one-fourth  of  the  ellipse,  as  they  will  be  the  same  for  each 
quadrant.  The  most  rapid  and  convenient  method  of  finding 
these  points  is  by  the  use  of  the  proportional  dividers.  By  trial 
the  sliding  center  is  set  so  that  when  one  pair  of  the  points  is 
made  to  include  EC,  the  opposite  pair  will  give  DC.  Then  all  the 
points  can  be  taken  directly  by  opening  the  dividers  to  the  dis- 
tances of  the  other  semi-chords.  The  points  thus  found  may  be 
transferred  to  the  original  diagram ;  or  the  last  ellipse  may  be 
cut  out  and  if  on  thick  paper  the  drawing  pen  can  be  passed 
around  its  edge  on  the  original  sheet. 


Digitized  by 


Google 


362  How  to  Find  the  Orbit  of  a  Double  S^ar. 


Elembnts  of  t^e  Orbit. 

The  final  ellipse  having  been  drawn  it  only  remains  to  find  the 
elements  of  the  real  orbit.    These  elements  are : 

P  =  Period. 

c   =  Eccentricity. 

a  =  Semi-major  axis. 

i    =  Inclination. 

Q  =  Node. 

A    =  An^le  of  node  to  periastron. 

T  =  Penastron  pasBage. 

Various  geometrical  methods  have  been  suggested  for  finding 
some  of  the  elements  from  the  apparent  ellipse,  but  by  far  the 
best  is  that  given  by  Ball  in  his  valuable  Atlas  of  Atronomy^  and 
a  considerable  part  of  that  is  used  here,  but  for  the  reasons  al- 
ready given,  I  have  preferred  to  deal  directly  with  the  measures 
themselves,  and  to  deduce  the  period  from  direct  measurements 
of  the  ellipse. 

To  best  illustrate  the  application  of  the  graphical  method  as  I 
have  used  it  heretofore,  I  propose  to  take  the  observations  of  a 
binary  and  show  how  the  several  elements  can  be  fotmd.  iPor 
this  purpose  I  have  selected  x  Pegasi  {fi  989),  one  of  the  most  in- 
teresting and  rapidly  moving  systems  known.  In  fact  it  has,  as 
we  shall  see,  a  shorter  period  than  any  other  known  pair  in  the 
heavens.  I  have  thought  it  best  in  this  instance  to  rely  entirely 
on  my  own  measures,  and  those  made  at  my  request  by  Profes- 
sor Barnard  with  the  36-inch  at  Mt.  Hamilton  when  it  was  no 
longer  possible  for  me  to  continue  the  series : 

Measures  op  k  Pegasi. 

1880.68  137^9  0''.20  4n  Bnrnham 

84.87  104  .7  0  .22  In  Bnrnham 
88.78  274  .7  0  .23  3n  BnrnHam 
89.51  262  .3  0  .14  42i  Burnbam 
90.67  187  .1  0  .10  4x1  Bnrnham 
91.71  147  .3  0  .12  7fl  Bnrnham 
92.39  132  .8  0  .18  A,n  Bnrnham 

92.88  131  .0  0  .20  In  Barnard 
93.71  121  .7  0  .23  In  Barnard 

These  positions  were  laid  down  on  a  scale  of  (/'.I  =  2  inches 
in  the  manner  already  described ;  and  after  repeated  trials,  and  a 
careful  measurement  of  the  relative  areas,  the  ellipse  shown  on 
the  diagram  was  finally  adopted  as  satisfactorily  representing  the 
apparent  orbit.  Each  trial  ellipse  was  measured  with  sufficient 
care  to  show  how  far  it  was  in  harmony  with  the  law  of  equal 
areas  in  equal  times.  When  the  last  ellipse  was  laid  down,  the 
areas  described  by  the  radius  vector  between  the  successive  ob- 
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serrations  was  meastired  with  all  possible  precision.    The  areas 
corresponding  to  the  respective  measures  are  as  follows : 


Time 

Area 

t  (0.186) 

1S80-84 

4.19 

7.41 

7.79 

1884-88 

3.91 

7.16 

7.27 

1888  —  89 

0.73 

1.41 

1.37 

1889  —  90 

1.06 

2.85 

1.98 

1890  —  91 

1.14 

1.61 

2.12 

1891  —  92 

0.68 

1.39 

1.28 

11.71  = 

21.82 

lyr.=: 

0.186 

1880  —  92 

0  63 

1892  —  93 

1.82 

2.08 

2.45 

We  see  from  the  last  column,  giving  the  respective  areas  as  de 
dnced  from  the  mean  motion,  that  on  the  average  the  angles  are 
represented  as  well  as  could  be  expected  in  so  close  a  pair.  With 
a  single  exception,  a  very  small  change  in  the  position  angles  will 
be  sufficient  to  make  the  areas  strictly  proportional  to  the  times. 
This  amount  is  far  within  the  probable  errors  in  so  close  and  dif- 
ficult a  pair,  and  as  the  errors  of  distance  are  exceedingly  small, 
and  wholly  insensible  quantities  even  in  the  largest  telescope,  we 
may  fairly  conclude  that  this  ellipse  must  very  nearly  represent 
the  apparent  path  of  the  companion.  According  to  this  orbit, 
the  position  angle  found  in  1890  requires  a  correction  of  a  little 
more  than  10^.  The  distance  at  this  time  was  less  than  at  any 
other  observation,  and  in  fact  less  than  (/^.l ;  and  when  we  re- 
member that  most  of  the  old  and  frequently  observed  pairs,  with 
distances  between  the  components  more  than  twenty  times  that 
of  K  Pegasi,  have  errors  in  some  of  the  position-angles  greater 
than  that  in  question,  we  are  justified  in  treating  this  single 
variation  as  not  a  very  serious  objection  to  the  acceptance  of  this 
ellipse  as  a  satisfactory  representation  of  the  apparent  orbit. 

It  win  not  be  difficult  from  the  measures  of  the  areas,  to  distri- 
bute the  errors,  and  find  the  changes  required  in  the  various  po- 
sition-angles to  make  the  corresponding  quantities  in  the  last 
two  columns  equal,  but  it  is  hardly  worth  while  doing  this  after 
the  comparison  already  given,  and  the  graphical  presentation  of 
the  whole  subject  in  the  diagram. 

The  distance  errors,  measured  directly  with  the  scale,  are  as  fol- 
lows: 


1880.68 

—  0".08 

84.87 

0  .00 

88.78 

-0  .02 

89.61 

+  0  .02 

90.67 

—  0  .01 

91.71 

+  0  .02 
+  0  .02 

92.39 

92.88 

0  .00 

93.71 

-FO  .04 
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Nothing  could  be  more  satisfactory  since  the  Yariations  are  all 
practically  zero. 

In  this  example  we  have  more  than  one  revolution.  As  the  last 
measure  is  from  a  single  night,  I  have  derived  the  mean  motion 
from  the  intervals  ending  with  1892.  To  find  the  period,  there- 
fore, we  have : 

11.71  —  ^  =  11.37  years. 

In  this  connection  it  may  be  well  to  give  a  few  suggestions  in 
regard  to  the  best  way  of  measuring  parts  of  an  ellipse.  It  may 
be  done  in  two  ways.  The  first  requires  only  the  dividers  and  the 
scale  previously  used.  The  portion  of  the  ellipse  to  be  measured 
is  separated  into  a  convenient  number  of  triangles  by  lines 
drawn  from  S  to  the  circumference,  and  the  area  of  each  fotmd  by 
multiplying  this  line  as  a  base  by  the  altitude  of  the  triangle.  As 
the  smaller  side  is  a  curve,  allowance  must  be  made  in  measuring 
the  altitude.  This  is  easily  done,  and  with  great  accuracy  by 
drawing  a  straight  line  with  india  ink  on  any  transparent  med- 
ium like  celluloid  or  mica,  and  laying  this  down  so  that  it  shall 
pass  through  the  outer  end  of  the  base,  and  revolving  it  about 
that  point  so  that  it  shall  intersect  the  other  line  of  the  triangle 
produced,  and  make  the  areas  equal  on  each  side  of  the  curved 
49ide.  This  is  done  in  an  instant,  and  with  an  accuracy  which 
would  be  surprising  to  one  who  had  not  tried  it.  At  the  end  of 
the  work  it  is  easily  tested,  since  the  sum  of  the  areas  of  all  these 
triangles  should  be  equal  to  the  semi-major  axis  X  semi-minor 
axis  X  3.1416. 

The  second  method  is  by  the  use  of  the  planimeter.  This  of 
course  is  a  very  accurate  way,  and  very  much  quicker  than  any 
other,  as  it  is  only  necssary  to  pass  the  pointer  arm  over  the  lines 
of  the  figure  to  be  measured,  and  read  the  area  directly  from  the 
index.  The  areas  previously  given  of  this  ellipse  were  measured 
with  this  instrument.  The  results  given  are  in  square  inches. 
The  sum  of  the  areas  of  all  the  parts  of  the  ellipse,  in  seven  differ- 
ent sections,  is  21.19,  while  a  direct  measurement  of  the  ellipse  as 
a  whole  gave  21.13  for  the  area. 

To  obtain  the  other  elements  of  the  orbit,  draw  a  line  from  the 
center,  C,  of  the  ellipse  through  the  principal  star,  S,  to  meet  the 
ellipse  in  P.  This  will  be  the  projection  of  the  major  axis  of  the 
real  ellipse.  ^Draw  a  chord  H  S  K  through  S  in  such  a  position 
that  HS  =  HK.  The  position  of  this  chord  may  be  determined 
geometrically,  but  finding  it  by  trial  with  most  ellipses  is  suffi- 
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dently  accurate.  This  is  quickly  done  by  ^ving  a  fine  needle 
through  S,  and  revolving  the  scale  at  some  even  division  about 
it  until  the  readings  both  ways  are  equal.  To  find  it  geometri- 
cally, draw  any  chord  paralld  to  CSP.  From  the  middle  point 
of  this  chord,  draw  a  line  through  C,  and  parallel  to  this  line, 
draw  a  line  HK  through  S  which  will  be  the  chord  required. 
Take  a  point  D  on  the  line  CSP  continued  so  that 

^^_CP^--CS« 
SD ^^— 

In  this  case  we  have 

SD  =  -^^^;-^*^  =  0-085. 

Through  the  point  D  draw  a  line  perpendicular  to  the  chord 

HK,  and  find  points  A  and  B  on  this  line  so  that  DA  =  DB  =  SH. 

Eccentricity.    The  eccentricity  is  unchsinged  by  projection  and 

CS_.040_ 

Inclination.  The  inclination  of  the  real  orbit  to  the  pl€ine  of 
projection  is 

. SB  —  SA .106 ^  ^^  /5oo^ 

*^°«  '  =  §0  +  ^  =  :i90  -  0-216326. 

From  a  table  of  natural  cosines  we  find  this  corresponds  to 
77°.5,  which  is  the  inclination  of  the  real  to  the  apparent  orbit. 

Node,  Draw  a  line  from  S  bisecting  the  single  ASB  and  the  po- 
sition angle  of  this  line  will  X^  the  line  of  nodes.  When  expressed 
numerically  this  should  be  always  given  in  the  first  or  second 
quadrant,  and  not  180^  from  that  point.  It  may  be  found 
by  measuring  with  protractor  the  position-angle  of  A  and  B  and 
taking  a  mean  of  the  two  for  the  angle  of  the  node.    In  this  case, 

SB  =  363^.0,  and  SA  =  214^.4. 

Therefore,  the  line  of  nodes  will  be 

214^.4  +  78°.3  =  288^.7  =  108^.7. 

This  is  shown  on  the  diagram  by  the  line  NSN. 

Semi-major  axis.  For  the  semi-major  axis  of  the  real  orbit  we 
have: 

^_SB:+SA,    .490_^ 
*  ~  2(l-c^)  ""  1.686  ^  ^  •'^^• 

Anglb  of  Link  op  Nodes  and  Pbriastron. 
The  element  X  is  the^angular  distance  between  the  line  of  nodes 
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and  the  major  axis,  CSP,  measured  on  the  real  ellipse.  We  find 
by  the  protractor  that  the  position-angle  of  the  periastron  or  line 
of  the  projected  major  axis  is  325^.8,  and  therefore  the  angle  be- 
tween this  line  and  the  node  on  the  apparent  ellipse  is*  37^.1^  To 
reduce  this  to  the  plane  of  the  real  orbit  take 

tan  X  =  sec.  /  X  tan  37°.l 

sec.  I  (77^.6)  =  10.664663 
tan  37  .1  =  9.878691 


10.643364=74^0 

There  has  been  mnch  confusion  heretofore  in  giving  the  value  of 
X.  Sometimes  the  value  of  Q  has  been  taken  on  one  side  and 
sometimes  the  other  {^  180°);  and  the  distance  from  N  to  P  has 
been  reckoned  in  both  directions,  retrograde  and  direct.  It  is 
usually  impossible  to  tell  how  the  computer  has  done  this  with- 
out laying  down  the  apparent  orbit  from  the  elements.  Dr.  See 
has  proposed  {Astronomy  and  Astro-Pbjsics,  August,  1893)  to 
avoid  this  tmcertainty  in  the  future  by  always  counting  from  Q , 
taken  in  the  first  or  second  quadrant,  to  periastron  in  tbe  direc- 
tion  of  tbe  motion.  This  will  make  all  results  uniform,  and  pre- 
vent confusion  hereafter.  He  has  adopted  this  plan  in  all  his 
investigation  of  binaries,  as  I  have  done,  and  I  trust  it  will  be 
followed  by  all  others  in  the  future,  Attention  is  specially  called 
to  the  two  important  papers  on  this  subject  by  Dr.  See  printed  in 
Astronomy  and  Astro-Pbysics  for  August  and  December,  1893. 

In  accordance  with  this,  we  find  that  this  element  should  be, 

108^7—  (288°.7  +  74°.0)  =  106^.0 

Periastron  Passage.  It  only  remains  to  find  the  time  of  the 
passage  of  the  companion  though  P,  the  point  of  nearest  ap- 
proach in  the  real  orbit.  This  is  easily  done  by  comparing  the 
areas  on  either  side  of  SP  with  the  observed  positions.  In  this 
way  we  find  T  =  1886.0. 

In  addition  to  the  elements  of  the  real  orbit  of  a  binary,  the 
data  for  platting  the  apparent  ellipse  should  always  be  given. 
This  enables  any  one  to  lay  down  in  a  few  minutes  the  orbit 
found  by  the  computer,  and  compare  it  with  the  observations 
used.  In  no  other  way  can  the  real  value  of  the  work  be  seen. 
The  usual  tabular  comparisons  of  observed  and  computed  posi- 
tions are  entirely  insufficient.  A  good  many  orbits  have  been 
computed  by  the  old  methods,  and  passed  without  criticism 
which  probably  would  have  been  rejected  at  once  by  the  authors 
if  the  ellipse  and  the  measures  had  been  laid  down  on  paper.    It 
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would  have  appeared  then  that  the  result  reached  was  with- 
out foundation,  and  that  the  lack  of  sufficient  data  cotdd  not  be 
cured  by  mathematical  formnlse,  however,  scientifically  adminis- 
tered. 

Dr.  See  has  devised  an  an  elegant  geometrical  method  of  find- 
ing the  apparent  ellipse  from  the  elements  of  the  real  orbit  (ils- 
tronomy  and  Astro-Pbysics^  August,  1893).  This  will  be  found 
to  be  very  useful  for  laying  down  orbits  to  ascertain  in  what 
way  the  measures  are  represented.  Hereafter  I  hope  all  investi- 
gators of  the  orbits  of  binary  systems,  whatever  method  may  be 
used,  will  make  their  work  complete  by  giving  in  all  cases  dia- 
grams showing  the  apparent  orbit,  and  the  observed  positions 
upon  which  such  orbit  is  based. 

Blbmbnts  of  X  Pegasi. 
We  have  the  following  elements  of  this  binary : 

P  =  11.37  vcars. 
T  =  1886.6 
e    =0.40 
a  =0''.29 
I    =    7r*.6 
Q  =  109  .2 
X    =  106  .1 

Apparent  Orbit. 

Length  of  mcgor  axis  =      O^'.&i 
Leii|2:th  of  minor  axis  =      0.18 
Angle  of  migor  axis    =  110^.0 
Angle  of  periastron     =  326  .0 
Star  from  center  =      O^'.O^ 

The  period  of  this  pair  was  first  determined  by  the  writer 
graphically  {Monthly  NoticeSy  March,  1891),  using  the  measures 
down  to  and  including  1890,  and  the  time  of  one  revolution 
fotind  to  be  1 1.13  years.  Subsequently  Glasenapp  {Monthly  No- 
tices,  June,  1892)  investigated  it,  using  the  measures  of  1891, 
and  a  single  measure  in  1892,  and  made  the  period  11.64  years. 
Since  that  time  other  measures  have  been  made,  and  more  than 
one  revolution  described  by  the  companion  since  my  first  meas- 
ures in  1880. 

This  orbit  difiers  very  materially  in  most  of  the  elements  from 
those  previously  referred  to.  The  eccentricity  is  double  that  of 
Glasenapp's,  and  the  inclination  much  larger.  It  certainly  has  a 
shorter  period  than  any  binary  of  which  we  have  any  knowledge. 
The  next  in  order  of  time  is  ^  Bquulei  (02535)  for  which  Wrub- 
lewsky  (A.  N.,  2771)  in  1887  found  a  period  of  11.54  years.  Dr. 
See  has  recently  investigated  it,  using  the  last  measures  made, 
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and  finds  the  periodic  time  to  be  11.60  years.  As  this  is  based 
upon  four  complete  revolutions,  it  is  not  likely  that  it  will  be  sen- 
sibly reduced  hereafter. 

I  have  endeaYored  to  make  this  plan  of  investigating  the  mo- 
tion of  a  binary  clear  and  practical,  and  to  avoid  befogging  it 
with  unnecessary  formnte  and  complications.  I  am  satisfied  that 
when  the  purely  graphical  method  comes  to  be  better  understood 
and  used,  its  value  will  be  generally  accepted. 


YARIABLB  STARS.    YI. 


J.  A.  PARKHURST. 


It  will  doubtless  be  of  interest  to  readers  of  Popular  Astron- 
omy to  learn  something  of  what  is  being  done  in  the  observation 
of  variable  stars  at  the  present  time,  and  where  the  results  of  the 
work  are  published. 

In  Germany,  the  land  of  Argelander  and  Schdnfeld,  a  number  of 
industrious  observers  are  working  at  variables.  Among  them 
may  be  mentioned  Dr.  Ernst  Hartwig,  Director  of  the  Municipal 
Observatory  at  Bamberg,  who  is  observing  with  a  6-inch  refract- 
or of  the  ** comet-seeker"  form,  mounted  in  the  very  convenient 
way  designed  by  the  Repsolds.  Dr.  Hartwig's  observations  are 
published  in  the  Astronomiscbe  Nacbricbten.  He  also  prepares 
annually  an  ephemeris  of  variables  for  the  VierteJJabrsscbrift  der 
Astronomiscben  Gessellscbaft. 

Dr.  Otto  Knopf,  of  Jena,  observes  with  an  8-inch  Bamberg  re- 
fractor. In  1892  he  made  464  observations  of  40  variables.  He 
is  a  frequent  contributor  to  the  Astronomiscbe  Nacbricbten. 

Mr.  Friedrich  ICruger  of  Kiel  has  made  indirectly  an  important 
contribution  to  the  literature  of  variable  stars  by  publishing  in 
1893  a  *'  Catalogue  of  Colored  Stars,"  giving  the  magnitude, 
color  and  spectral  type  of  2297  such  objects  including  many  of 
the  known  variables. 

Professor  A.  Safarik  of  Prague,  Austria,  has  been  an  industri- 
ous variable  star  observer,  though  he  announces  in  the  last  Vier- 
teljabrsscbrift  that  he  intends  soon  to  bring  his  observing  work 
to  a  close  in  order  to  devote  his  time  to  the  reduction  and  public- 
ation of  his  observations,  of  which  he  has  about  20,000.  In  1892 
he  made  1727  observations  of  140  stars.  Professor  Safarik  has 
used  a  4V^inch  refractor,  a  6V^inch  reflector,  and  also  a  refractor 
whose  exact  size  I  cannot  find,  though  it  is  probably  above 
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6-inche8y  since  he  reports  obsenrations  of  tnmiina  of  S  Cassiopeise 
and  R.  Lynds,  which  at  that  stage  are  difficult  objects  for  a  6- 
inch. 

Professor  N.  C.  Dnnfir  of  Upsala,  Sweden,  has  been  observing 
variables  with  a  6^inch  refractor.  In  1892  he  reported  1325  ob- 
servations. His  work  is  of  great  value,  notably  his  researches  on 
the  peculiar  variations  of  the  remarkable  Algol  type  variable,  Y 
Cygni.  Professor  Dunfir  is  a  contributor  to  the  Astronomical 
Journal. 

In  Russia  Professor  S.  Glasenapp  has  been  observing  variables 
with  a  9-inch  refractor  at  Abastuman.  He  writes  frequently  for 
Astronomy  and  Astro-Pbjrsics.  In  Italy,  Professor  J.  Porro  ob- 
serves atjTurin  with  a  4.8  inch  refractor. 

Among  the  few  variable  star  observers  in  the  southern  hemi- 
sphere maybe  mentioned  Mr.  Alex.  W.  Roberts  of  Lrovedale,  South 
Africa,  who  has  communicated  some  of  his  results  to  the  Astron- 
omical Joamal. 

A  large  number  of  workers  in  this  field  are  found  in  Great  Bri- 
tan.  Prominent  among  them  is  Rev.  T.  E.  Espin  of  Wolsingham 
Observatory,  Tow  Law,  near  Darlington,  who  observes  with  a 
17%-inch  reflector,  and  an  8-inch  photographic  refractor.  The 
latter  gives  plates  on  almost  the  same  scale  as  the  Durchmuster- 
ung  charts,  so  that  stars  can  be  at  once  identified  by  laying  the 
plate  on  the  chart.  Any  marked  change  in  the  brightness  of  the 
stars  since  the  epoch  of  the  chart  is  at  once  made  evident  by  this 
operation.  Espin  also  observes  stellar  spectra  with  the  reflector, 
and  as  nearly  all  variables  have  the  same  type  of  spectrum  (Sec- 
chi's  Type  III)  a  number  of  new  ones  have  been  discovered  in  this 
way.  Chandler's  Second  Catalogue  contains  ten  variables  dis- 
covered by  Espin.  He  is  a  frequent  contributor  to  the  Astrono- 
miscbe  Nacbricbten. 

Mr.  Geo.  Knott  of  Cuckfield,  Sussex,  observes  with  a  7H-inch 
Clark  refractor.  Mr.  Joseph  Baxeadall,  Jr.,  of  Birkdale,  South- 
port,  uses  a  6-inch  Cooke  refractor.  As  an  indication  of  the  in- 
dustry of  the  Baxendall's,  Sr.  and  Jr.,  may  be  mentioned  the  fact 
that  Chandler's  Second  Catalogue  contains  12  variables  discov- 
ered at  Southport.  Mr.  Cuthbert  E.  Peek  of  Rousdon  Observa- 
tory, Devon,  observes  with  a  6.4-inch  refractor.  He  makes 
monthly  reports  to  the  Englisb  Mecnanic. 

In  Edinburg,  Tbos.  D.  Anderson  is  observing.  He  is  renowned 
for  bis  discovery  of  the  new  star  in  Auriga  in  Jan.,  1892,  aided 
only  by  a  small  spy  glass  and  Klein's  Atlas.  Mr.  Anderson  has 
lately  discovered  a  new  variable  in  Cassiopeia,  B.  D.  +  58^,  2560, 
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which  was  bright  enough  in  Dec.,  1893,  to  be  seen  with  a  fidd 
glass,  but  1894,  Feb.  21,  was  about  the  12th  magnitude.  Mr. 
Anderson  thinks  that  this  should  be  classed  as  a  ''temporary 
star"  and  not  as  an  ordinary  variable,  but  further  observations 
win  be  needed  to  decide  as  to  its  classification. 

Mr.  J.  BUard  Gore  of  Ballysodare,  Ireland,  is  one  of  the  best 
known  British  authorities  on  variable  stars.  He  is  the  Director 
of  the  Variable  Star  Section  of  the  British  Astronomical  Associa- 
tion. His  two  catalogues  of  variables  were  mentioned  in  the 
March  number. 

America  is  by  no  means  behind  in  this  respect,  either  in  the 
number  of  observers  or  the  quality  of  their  work.  We  have  with 
us  the  greatest  living  authority  on  variable  stars,  Dr.  S.  C. 
Chandler,  of  Cambridge,  Mass.  The  excellence  of  Dr.  Chandler's 
work  lies  not  only  in  his  own  observations,  which  are  made  with 
a  6^-inch  refractor,  but  in  his  sifting,  comparing  and  reducing  a 
mass  of  cA>servations  made  all  over  the  world,  and  deducing 
therefrom  the  true  elements  of  the  variables.  This  work  has  been 
done  so  well  for  his  **  Second  Catalogue"  that  Dr.  Hart  wig  of 
Bamberg  accepts  its  elements  as  the  basis  of  his  epbemeris  for 
1894,  published  in  the  Vierteljabrsscbriit  der  Astronomiscben 
Gesellscbaft,  Vol.  XX VIII.  By  common  consent  of  astronomers 
the  lettering  and  numbering  of  newly  discovered  variables  is  left 
to  Dr.  Chandler,  as  the  like  work  for  newly  discovered  asteroids 
is  done  by  Professor  Tietjen  of  the  Recheninstitut  of  the  Berlin 
Observatory.  Dr.  Chandler  is  an  associate  editor  of  the  Astro- 
nomical Joamal  and  a  frequent  contributor  to  its  columns. 

Mr.  Henry  M.  Parkhurst  of  Brooklyn,  N.  Y.,  is  a  veteran  ob- 
server. His  work  is  done  with  a  9-inch  Fitz  refractor  and  special 
photometric  appliances  devised  by  himself.  His  observations 
are  published  in  the  Astronomical  Journal  and  in  the  Annals  of 
the  Harvard  College  Observatory.  Vol.  XXIX  of  the  Annals 
contains  a  very  important  paper  giving  about  3600  of  Mr. 
Parkhurst's  observations  of  known  and  suspected  variables 
made  between  1883  and  1893,  a  table  of  light  curves  and  magni- 
tudes of  comparison  stars.  Dr.  Gould  calls  this  **  one  of  the  most 
valuable  contributions  to  the  subject  which  we  possess."  Con- 
tinuations of  the  same  series  of  observations  are  published  in 
Nos.  308  and  311  of  the  Astronomical  Journal. 

Mr.  Edwin  F.  Sawyer  of  Brighton,  Mass.,  is  a  very  careful  and 
accurate  observer.    He  contributes  to  the  Astronomical  Journal. 

Mr.  Paul  S.  Yendell  of  Dorchester,  Mass.,  is  one  of  the  most  as- 
siduous variable  star  observers  in  the  world.    His  work  formed 
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the  basis  of  a  considerable  part  of  Chandler's  Second  Catalogue. 
He  observes  with  a  4^-inch  Clacey  refractor  and  contributes 
regularly  to  the  Astronomical  Journal.  Nos.  309  and  310  con- 
tain confirmations  by  Mr.  Yendell  of  the  variation  of  eight  sus- 
pected variables. 

Rev.  J.  G.  Hagen  of  Georgetown  College,  D.  C,  has  observed 
variables  for  a  number  of  years  with  3  and  5  inch  refractors. 
He  takes  as  his  special  field  the  southern  variables  which  are 
vrithin  reach  at  his  latitude. 

Mr.  S.  D.  Townley  while  at  Washburn  Observatory,  Madi- 
son, Wis.,  made  a  valuable  series  of  observations  of  faint  varia- 
bles with  the  15H-inch  Clark  refractor.  These  observations  ex- 
tend from  Nov.,  1889,  to  July,  1892,  and  were  printed  in  Vol.  VI, 
of  the  Publications  of  Washburn  Observatory. 

Frequent  notices  appear  in  Astronomy  and  Astro-Pbysics  and 
the  Astronomiscbe  Nacbricbten  of  the  discovery  of  new  variables 
on  the  photographic  plates  taken  at  the  Harvard  College  Obser- 
vatory and  its  southern  station  at  Arequipa,  Peru.  The  discus- 
sion which  has  arisen  in  regard  to  these  was  mentioned  in  the 
March  number. 

The  foregoing  account  is  necessarily  incomplete  but  will  give 
some  idea  of  the  work  in  progress  in  this  department. 

Charts  of  four  more  variables  are  presented  this  month.  The 
following  are  the  principal  data  concerning  them : 


No. 

Star.     • 
Mam*. 

Place  f 
B.  A. 

or  1900. 

DeeL 

Bwl- 

Mafl^D 
Max. 

Itiid*. 
Kin. 

Period 
dajs. 

4596 
4«47 
5194 

R  Comae 
TJ  Virginia 
S  yir^^inis 
V  Bo6ti8 

h     m     *• 

11  59      7 

12  46        I 

13  27    47 

14  25    42 

0          / 
+  19     20.3 
+    6      5.8 
-    6    40.8 
+  39    18.5 

4.0 

I.I 

2.6 

3.6 

7.4  —  8.0 
7.7-8.1 
5.7-7.8 
6.9-7.3 

<  13.5  ^ 
12.2  —  12.8 

12.5 
9.2  —  10.5 

36» 
aoj.o 

3764 
256 

These  stars  are  selected  since  they  become  bright  enough  so 
that  good  determinations  of  their  maxima  can  be  made  with  a 
two-inch  telescope.  They  will  reach  their  maxima  during  the 
coming  spring  and  summer  (for  reasons  befftre  mentioned  it  is 
best  not  to  state  the  times  more  definitely) ;  and  at  that  time 
they  will  be  in  convenient  position  for  evening  observation.  Y 
Bodtis  can  be  followed  through  its  Vhole  period  with  a  S-inch 
telescope.  It  is  easily  found,  being  in  the  field  with  the  third 
magnitude  star  y  Bodtis. 

Since  writing  the  note  in  regard  to  Mira  in  the  March  number 
that  star  has  increased  so  as  to  be  visible  to  the  naked  eye.  Feb. 
21st,  it  was  a  little  brighter  than  the  5th  magnitude. 
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Mr.  Bdward  N.  Botsford  of  New  HaveOi  Conn.,  haa  ordered  a 
4V^mch  refractor  and  expects  to  take  part  in  variable  star  work. 

I  have  just  received  the  March  PofuI/AH  Astronomy  containing 
the  annonncement  of  the  discovery  by  Mrs.  Plemiilg  of  two  new 
variables  on  the  Harvard  plates.  One  of  them  is 

B.  D.  +  1°,  3417,  R.  A.  17^  14«^.5,  Dec.  + 1^  37^  1900. 

Mrs.  Fleming  says— "it  varies  from  the  magnitude  8.5  to  12.5." 
I  therefore  give  a  chart  of  the  vicinity,  the  new  variable  being 
marked  Y.  The  same  chart  contains  the  Algol-type  variable  U 
Ophinchi,  marked  U,  and  a  star  marked  ?  whose  magnitude  has 
been  variously  estimated  from  magnitudes  7.8  to  9.0,  which  will 
bear  watching.  It  is  B.  D.  +  1^,  3422. 
Masbngo,  hi.,  1894,  Feb.  26. 


,  CONSTBLLATION  STUDY. 


WINSLOW  UPTON. 


VI. 


We  now  take  up  the  constellations  in  the  second  division  of  the 
heavens— that  included  between  the  hour  circles  of  6  and  12 
hours  right  ascension.  We  have  already  considered  the  circum- 
polar  constellation  of  this  group,  the  enormous  area  designated 
Ursa  Major.  The  constellation  Ifynx  might  also  have  been  re- 
garded as  drcumpolar,  but  its  leading  stars  are  south  of  50^ 
declination,  and  it  will  be  described  below. 

The  zodiacal  constellations  of  this  division  are  Gemini,  Cancer 
and  Leo. 

Gemini.  The  two  leading  stars  of  this  group  are  Castor  and 
Pollux,  or  a  and  /3  Geminorum.  The  latter  is  the  southern  of  the 
two  and  though  lettered  ft  is  appreciably  the  brighter.  They  are 
about  5^  apart  and  are  the  only  especially  conspicuous  stars  be- 
tween Taurus  and  Leo.  They  can  also  be  readily  found  from 
Orion,  by  extending  the  line  from  Rigel  to  Betelgeuse,  one  and  a 
half  times  the  distance  between  these  brilliant  stars.  These  stars 
are  in  the  heads  of  the  twins,  and  the  figures  are  drawn  south- 
westerly with  their  feet  near  the  boundary  of  Orion.  Two  lines 
of  stars  may  be  readily  traced,  as  indicated  on  the  chart,  follow- 
ing the  respective  figures.  The  northern  one  follows  the  body  of 
Castor  and  the  latter  that  of  Pollux.  The  feet  are  also  marked 
by  stars ;  S  and  y  are  the  feet  of  Pollux  and  y  and  fA,  those  of 
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Caston  This  line  of  stars,  S^  y^  r,  m  is  easily  traced,  and  is  near 
the  western  boundary  of  the  area.  Just  west  of  /i  is  a  star  of 
nearly  equal  brightness  lettered  y.  This  is  very  near  the  place  oc- 
cupied by  the*  Sun  at  the  summer  solstice.  The  solstitial  colure 
may  therefore  be  traced  by  following  the  line  connecting  this  star 
with  the  Pole  Star. 

Cancer.  The  space  allotted  to  this  group  is  rather  small  end 
there  are  no  conspicuous  stars.  The  characteristic  figure  is  the 
cluster  called  Praesepe  which  may  be  foand  by  passing  from  /i 
Geminorum  to  a  Leonis,  the  bright  red  star  in  that  constellation. 
The  cluster  is  a  little  south  of  this  line.  Two  fourth  magnitude 
stars  flank  this  cluster  on  the  east,  and  two  more  of  similar 
brightness  are  readily  found,  the  one  north  and  the  other  south- 
east, the  four  making  a  curved  line,  convex  towards  Praesepe. 

Lfeo.  This  fine  constellation  is  easily  traced.  It  has  two  char- 
acteristic figures,— the  "Sickle"  at  the  western  and  a  right  angled 
triangle  at  the  eastern  boundary  of  the  areai  The  Sickle  con- 
tains six  bright  stars,  the  group  closely  representing  the  shape  of 
the  article  named.  The  bright  red  star  at  the  end  of  the  handle 
is  a  Leonis  or  Regulus.  The  Sickle  is  east  of  Cancer.  East  of  the 
Sickle  is  the  right-angled  triangle,  the  easternmost  star,  /3  Leonis, 
having  also  the  name  Denebola.  The  figure  of  the  lion  is  drawn 
with  the  Sickle  for  the  forepart,  the  curve  of  the  Sickle  terminat- 
ing in  the  head,  and  the  triangle  forms  the  hinderpart  and  tail  of 
the  animal.  A.  number  of  faint  stars  south  of  the  triangle  repre- 
sent the  hind  legs,  the  area,  as  shown  on  the  chart,  having  a 
large  southern  extension. 

North  of  the  three  zodiacal  constellations  are  the  two  incon- 
spicuous groups  Lynx  and  Leo  Minor.  The  eastern  portion  of 
Auriga  is  also  north  of  Gemini  and  Ursa  Major  touches  Leo  on 
the  northeast  comer. 

Lynx.  This  area  is  almost  wholly  destitute  of  stars  visible  to 
the  naked  eye,  and  is  the  name  of  the  space  between  Auriga  and 
Ursa  Major.  The  head  of  the  animal  contains  a  number  of  stars 
near  the  limit  of  vision,  north  of  the  head  of  the  Charioteer. 
The  tail  in  the  southeast  of  the  area  contains  two  stars  easily 
noted,  the  southern  of  which,  40  Lyncis,  is  the  brightest  of  the 
constellation.  One  of  the  fore  paws  of  the  Great  Bear  overlies 
the  tail  of  the  Lynx,  and  the  two  stars  just  named  might  with 
advantage  have  been  included  in  Ursa  Major,  as  mentioned  in 
describing  that  constellation,  and  this  overlapping  thereby  pre- 
vented. 

Leo  Minor.    This  group  lies  north  of  the  Sickle  and  south  of 
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the  hind  paws  of  the  Great  Bear,  which  were  each  marked,  it  will 
be  remembered,  by  a  pair  of  stars.  An  elongated  triangle  of 
fourth  magnitude  stars,  numbered  21,  31  and  46  with  a  line  of 
somewhat  fainter  stars  south  of  them,  numbered  30,  37  and  42 
designates  the  characteristic  figure.  Or  they  may  be  traced  by 
the  guiding  lines  drawn  on  the  chart. 

Six  constellations  may  be  traced  south  of  the  zodiac  by  north- 
em  observers  and  a  seventh  is  partly  visible  in  the  extreme  south. 

Monoceros.  This  is  the  name  given  to  the  space  east  of  Orion 
north  of  the  conspicuous  group  Canis  Major  and  south  of  Gem- 
ini, Canis  Minor  and  Hydra.  The  outlines  of  the  area  may  be 
roughly  determined  by  noting  the  positions  of  the  five  brightest 
stars,  11, 15, 22, 26  and  30,  or  the  guide  lines  of  the  chart  may  be 
followed  for  a  more  minute  study.  The  constellation  was  one  of 
those  added  by  Hevelius  to  name  a  space  not  already  appropri- 
ated. All  such  constellations  would  necessarily  be  inconspicuous. 
The  Unicom  is  drawn  with  his  head  towards  the  northwest,  at 
the  star  numbered  15. 

Canis  Minor.  This  group  consists  of  two  leading  stars  south 
of  Castor  and  Pollux.  They  are  quite  like  the  latter  pair  in  dis- 
tance end  might  be  confounded  with  them  but  for  their  marked 
difference  in  brightness,  while  Castor  and  Pollux  are  of  nearly 
equal  brilliancy.  The  brighter  is  a  Canis  Minoris  or  Procyon, 
one  of  the  most  brilliant  stars  in  the  sky,  slightly  preceding 
Sirius,  the  Dog  Star,  in  its  time  of  rising  (as  seen  by  northern 
observers),  which  is  immortalized  in  the  etymology  of  its  name, 
the  st€ir  preceding  the  Dog  Star. 

Hydra.  This  winding  constellation  is  an  interesting  one  to 
trace.  The  head  is  a  group  of  stars  south  of  Cancer  and  east  of 
Leo  Minor. ,  From  this  several  faint  stars  curve  southward  to 
the  brighest  star  of  the  constellation,  ot  Hydra.  Then  a  line  of 
faint  stars  may  be  followed  southward  and  eastward.  The  line 
runs  south  of  Crater,  into  the  third  division  of  the  heavens,  south 
of  Corvus  and  Virgo  to  the  western  boundary  of  Scorpio.  On 
the  chart  this  part  of  the  heavens  is  drawn  very  much  larger  in 
proportion  than  the  more  northern  constellations,  which  is  a 
necessary  but  misleading  feature  of  the  planisphere  projection. 
The  constellation  extends  over  about  100^  in  right  €iscension, 
which  is  about  the  distance  between  the  Pleiades  and  the  Sickle. 

Sextans.  This  small  area,  the  name  of  which  was  also  as- 
signed by  Hevelius,  lies  between  Hydra  and  Leo,  and  contains  no 
conspicuous  stars.  The  brightest  star  is  of  the  fourth  magnitude 
and  is  12^  directly  south  of  Regulus. 
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Crater.  This  group  lies  south  of  the  southern  extension  of  Leo 
and  north  of  Hydra.  It  is  not  difficult  to  trace  a  resemblance  to 
a  cup  by  following  the  guide  lines  of  the  chcurt.  But  the  group 
must  not  be  confounded  with  the  much  more  conspicuous  quad- 
rilateral adjacent  on  the  east,  which  is  Corrus.  The  line  of  stars 
marking  Hydra  should  also  be  traced  first,  when  the  relation  of 
this  group  to  the  adjacent  groups  will  be  recognized. 

Canis  Major.  This  group,  southeast  of  Orion  is  noteworthy 
because  containing  the  brightest  of  the  fixed  stars,  Sirius  or  a 
Canis  Majoris.  The  characteristic  figure  is  an  elongated  quadri- 
lateral, formed  by  a  and  /?,  the  latter  of  which  is  5^  west  of  the 
former,  cmd  <^  and  «,  southeast  of  this  pair.  The  side  a,  d,  has  an 
additional  star  o;  beyond  the  quadrilateral,  another  bright  star 
10^  west  of  ^  lettered  C,  marks  the  southwestern  part  of  the  area, 
while  cmother  star,  7,  forming  an  equilateral  triangle  with  6  and 
€  marks  the  southeastern  part. 

Argo  Navis.  This  constellation  belongs  to  those  southern 
groups,  which  are  almost  wholly  bdow  the  horizon  of  obserrers 
in  northern  latitudes.  The  mast  and  stem  of  the  ship,  however, 
are  in  *the  region  south  of  Hydra  and  east  of  Canis  Major.  As 
the  constellation  occupies  an  enormous  area  in  the  heavens,  it  is 
customary  to  subdivide  it  into  smaller  areas,  like  the  counties  of 
a  state,  which  are  named  from  the  parts  of  the  vessel.  Malas 
and  Puppis  are  the  subdivisions  in  the  region  under  discussion. 
The  only  stars  easily  visible  however  to  observers  in  the  United 
States  are  those  in  Puppis  which  are  immediately  adjacent  to  the 
southeastern  part  of  Canis  Major.  A  little  group  of  inconspicu- 
ous stars  is  east  of  7  Canis  Majoris  while  10^  northeast  is  the 
only  conspicuous  star  of  the  group,  named  t  Navis  or  9  Puppis. 
The  latter  designation  is  that  given  on  the  chart.  Two  conspicu- 
ous stars  in  this  constellation  may  be  seen  to  better  advantage 
by  observers  in  the  southern  part  of  the  United  States,  than  by 
those  farther  north.  They  are  of  the  second  magnitude  and 
lettered  C  and  y  respectively.  The  former  is  in  the  prolongation 
of  the  line  from  a  Ononis  to  a  Canis  Majoris,  and  the  latter  7® 
south  of  the  former.  Almost  due  south  of  Sirius  is  Canopus  or 
a  Argus,  one  of  the  most  brilliant  stars  of  the  heavens,  but  as  its 
declination  is  nearly  53^  south,  it  cannot  be  seen  by  observers 
north  of  latitude  37^. 

There  are  several  points  connected  with  the  stars  in  this  second 
division  of  the  heavens  which  are  worth  noting : 

It  contains  the  brightest  and  the  faintest  of  the  stars  which  are 
called  first  magnitude  stars.    The  division  of  the  stars  into 
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''magnitudes  *'  is  as  old  as  the  classical  period  of  astronomy,  and 
has  come  down  to  ns  from  the  Greeks,  who  nsed  six  classes  into 
which  the  stars  were  graded  according  to  their  brightness.  The 
word  "magnitude"  is  evidently  a  misnomer,  for  the  apparent 
brightness  of  a  star  depends  tipon  its  distance  and  its  intrinsic 
brightness  as  well  as  npon  its  size,  bnt  the  word  is  still  retained 
as  a  synonym  of  apparent  brightness.  The  classification  was 
good  for  the  second  to  the  sixth  magnitudes,  but  in  the  first 
grade  all  stars  were  included  which  are  brighter  than  the  limit 
between  the  first  and  second  grade,  and  there  is  a  wide  range 
among  the  nineteen  stars  thus  grouped.  The  photometric  classi- 
fication of  stars  follows  the  old  one  of  magnitudes  as  far  as  is 
possible,  but  subdivides  the  first  magnitude  class  into  1st  magni- 
tude, 0  magnitude,  and  as  the  scale  runs  out  is  obliged  to  call 
Canopus  and  Sirius  of  the  —  1  magnitude.  There  is  a  disagree- 
ment as  yet  as  to  the  lower  limit  of  the  first  magnitude  group, 
some  vmters  placing  a  Cygni  or  a  Cruds  in  the  list,  and  giving 
the  number  as  20  or  21.  But  a  Leonis  or  Regulus  is  the  one  next 
brighter  than  the  two  named  and  may  therefore  be  taken  as  the 
lower  limit  of  brightness  at  present  allowed  without  dispute  for 
a  first  magnitude  star.  Any  star  in  the  sky  which  is  between 
Sirius  and  Regulus  in  brilliancy  is  a  first  magnitude  star.  Pour- 
teen  of  the  nineteen  are  visible  to  northern  observers.  In  the 
first  division  are  Capella,  Aldebaran,  Betelgeuse  and  Rigel,  or  a 
Aurigse,  a  Tauri,  a  Orionis  and  /i  Orionis  respectively,  and  in  the 
second  division  are  Pollux,  R^^ulus,  Procyon  and  Sirius  or  /i 
Geminorum,  a  Leonis,  a  Canis  Minoris,  and  a  Canis  Majoris  re- 
spectively. 

The  six  first  magnitude  stars,  Sirius,  Procyon,  Betelgeuse, 
Rigd,  Aldebaran  and  Pollul  are  near  enough  in  the  sky  to  be 
grouped  together.  The  first  three  named  form  a  nearly  equilat- 
eral triangle,  to  which  Rigel  may  be  added  to  form  a  quadrilat- 
eral, nearly  square;  or  Pollux  may  be  added  to  the  three  to  form 
a  diamond-shaped  quadrilateral. 

The  zodiacal  constellations  of  this  division  are  those  through 
which  the  Sun  moves  in  summer,  and  hence  are  north  of  the 
equator.  The  leading  stars  of  the  groups  are  situated  as  follows 
regarding  the  ecliptic.  Gemini:  tf  is  nearly  at  the  solstitial  point 
as  above  mentioned  and  Castor  and  Pollux  are  7°  and  12®  re- 
spectively north  of  the  ecliptic.  The  ancients  adopted  8®  as  the 
vridth  of  the  zodiac  north  and  south  of  the  ecliptic.  The  north- , 
em  boundary  of  the  zodiac  therefore  passes  between  these  stars. 
Cancer:  Praesepe  is  2®  north  of  the  ecliptic.  Leo:  Regulus  is  a 
little  north  of  the  ecliptic. 
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The  celestial  equator,  which  passes  very  close  to  the  western- 
most star  of  the  belt  of  Orion,  is  5^  sonth  of  Procyon,  and  7® 
south  of  the  head  of  Hydra. 

The  constellations  of  the  second  division  are  best  studied  in  the 
winter  months,  but  can  be  well  seen  in  the  early  spring  also.  At 
the  first  of  April  the  meridian  in  the  evening  passes  through  Leo, 
and  the  constellations  are  for  the  most  part  in  the  west.  If 
learned  in  this  position  they  should  be  reviewed  in  the  autumn 
when  in  the  east  in  the  evening  sky. 

The  following  table  gives  the  approximate  positions  of  the 
leading  stars  in  each  constellation. 

Approximate  Positions  of  the  Leading  Stars  in  the  Constel- 
lations BETWEEN  VI^  AND  XII^  RiGHT  ASCENSION,  OMIT- 
TING CiRCUMPOLAR  Constellations. 
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SBXTAN8. 
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Nebulse  and  Clusters, 


LBWI8  8WIPT. 


There  are  many  varieties  of  cebute,  as  bright  and  faint,  large 
and  small,  round,  elliptical  and  irregular,  etc.,  but  they  may 
be  divided  into  two  general  classes,  resolvable  and  irresolv- 
able, or,  what  is  still  better,  into  stellar  and  gaseons  nebulse. 
But  for  the  decisive  revelations  of  the  spectroscope,  it  would  now, 
as  in  former  times,  be  reasonable  to  infer  that,  inasmuch  as  many 
have  been  resolved  into  stars,  all  would  be  found  thus  resolvable 
if  suflSknent  optical  power  were  at  our  command.  We  find  dus- 
ters of  nebute  as  well  as  clusters  of  stars,  the  most  wonderful 
series  being  the  Magellanic  Clouds  of  the  southern  hemisphere, 
not  far  distant  from  the  pole.  The  most  extensive  group  visible 
from  our  latitude  is  found  in  Virgo,  where  it  often  happens  that 
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several  are  visible  in  a  single  field  of  the  telescope.  No  one  has 
ventured  to  suggest  the  reason  for  such  a  profusion  in  areas  so 
small  as  these  we  have  cited.  It  would  seem  that  at  some  time, 
if  not  now,  they  were  physically  connected.  This  can  scarcely  be 
doubted  of  those  so  near  together  as  to  be  in  the  same  field  of 
the  telescope,  but  the  most  powerful  telescopes  fail  to  deal  intelli- 
gently with  them. 

Leo,  also,  contains  many  nebulse.  With  a  field  of  32^  on  my 
16-inch  telescope,  I  have  seen  at  one  view  nine  conspicuous  neb- 
ulae, and  Professor  Bumham  once  saw,  in  another  part  of  the 
sky,  eighteen  in  a  much  smaller  space.  If  eighteen  stars  of  equal 
magnitude  were  found  in  such  close  proximity,  they  would  cer- 
tainly be  pronounced  a  physically  connected  cluster. 

In  R.  A.  16^  1»,  Dec.  +  18°,  there  are  twelve  in  one  field  of  32^ 
with  one  or  two  suspected  ones,  while  just  outside  the  field  are 
eight  others. 

In  a  single  field  near  Algol,  I  once  counted  twelve  at  one  view. 

There  appears  to  be  no  relation  whatever  between  the  nebulae 
and  neighboring  stars,  and  yet  Sir  William  Herschel  is  reported 
:as  having  bidden  his  sister  when  he  encountered  a  vacancy  or  a 
region  sparse  in  stars,  to  '*  Prepare  to  write,  nebulae  are  coming." 
The  sky  is  filled  with  such  vacancies,  but  it  is  contrary  to  my 
•own  experience  to  find  that  nebulae  are  more  numerous  near  these 
deserts,  and  the  statement  is  so  far  from  the  truth  that  I  must 
doubt  his  having  uttered  it. 

Like  many  of  the  stars,  some  of  the  nebulae  are  double  and 
triple.  One  of  my  own.  New  General  Catalogue,  No.  6679,  is  a 
close  double,  suspected  with  a  power  of  132,  confirmed  with  200, 
and  well  separated  with  250.  I  also  found  one  of  Sir  William 
Hei-schel's  to  be  an  equally  close  double.  It  would  be  a  great  sat- 
.  j§fflction  to  be  fully  assured  that  they  are  binaries. 

Of  clusters  resolvable  with  such  telescopes  as  amateurs  possess, 
the  sky  affords  numerous  examples  as  the  following  list  for  A.  D. 
1900  will  show: 

No.  1 .  The  Pleiades.  On  an  exquisite  night  several  years  ago, 
1  counted  with  my  4%-inch  refractor  three  hundred  stars  in  the 
cluster.  On  that  occasion  I  first  saw  the  Merope  nebula  which 
I  strongly  suspected  to  be  a  comet.  Six  hundred  are  visible  with 
my  le-inch  glass,  but  the  celestial  camera  plainly  depicts  on  the 
negative  plate  2,326  stars. 

No.  2.  2^15»+56^39'.  This  is  the  magnificent  double  cluster 
in  Perseus,  visible  to  the  naked  eye  as  a  small,  hazy  spot  between 
Cassiopeia  ^nd  Alpha  Pdrsei. 
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No.  3.  S'' 34"  +  20^  2(K.  This  is  the  weU  known  cluster  visible 
to  the  naked  eye  as  a  small,  ronnd,  hazy  spot.  It  was  first  dis- 
covered or,  at  least,  recorded  by  Hipparchns.  It  is  number  44 
of  Messier's  Catalogue,  1681  of  Herschel's  G.  C,  and  2652  of  N. 
G.  C.  It  is  called  Praesepe  or  the  Beehive.  It  shows  many  little 
triangles,  and  is  a  very  pretty  object  for  small  telescopes. 

No.  4.  13^37»^-28^53^  In  the  Hunting  Dogs  on  a  line  with 
and  ne€irly  midway  between  Arcturus  and  Cor  Caroli,  a  little 
nearer  the  former  star.  A  grand  cluster  of  one  thousand  stars  of 
the  eleventh  magnitude.  It  is  not  visible  to  the  naked  eye.  Sir 
William  Herschd  is  made  to  say  that  it  exhibited  a  mottled  ap- 
-peaxance  to  him  which  must  certainly  apply  to  some  other 
object. 

No.  5.  16^  38™  +  36°  39^  A  gorgeous  cluster  through  larger 
telescopes ;  one  of  the  six  visible  to  the  unassisted  eye.  It  is  on  a 
line  between  Bta  and  Zeta  Herculis  but  nearer  to  Bta.  It  was 
discovered  by  Halley  in  1714,  and  is  number  thirteen  of  Messier's 
Catalogue.  Herschd,  it  is  said,  asserted  that  it  contained  14,000 
stars,  a  misprint  no  doubt  for  4,000. 

No.  6.  17**  14»  +  43°  15^  Also  in  Hercules,  but  the  stars  are 
fainter  than  in  Messier  13.  It  is  92  of  M.  Cat.  Its  stars  are 
from  the  eleventh  to  the  eighteenth  magnitudes. 

No.  7.  18>*  12"*  —  18^  29'.  A  glorious  field  of  stars  in  the 
Milky  Way.  This,  with  the  l&-inch,  is  the  most  attractive  object 
to  visitors  at  the  Observatory.  The  contrast  between  it  and  a 
black  opening  (coal  sack)  near  by  is  very  striking  and  elidts 
much  comment.    In  this  vacancy  I  see  but  three  stars. 

In  13^  26«  +  47^  43'  is  the  famous  double  nebula,  51  M.,  or  the 
great  spiral  of  Lord  Rosse. 

17^  59«  +  66^  38'  =  Gen.  Cat.  4373 ;  1^  42»  +  50^  17'  =  Gen. 
Cat.  4514;  and  23^  21™  +  42''  =  Gen.  Cat.,  4964,  are  the  places 
of  three  bright  planetary  nebulae.  The  second,  one  of  the  most 
interesting  of  nebulae,  has  a  very  faint  star  exactly  in  its  center,  a 
severe  test  of  vision.  According  to  Profisssor  Mitchell,  "now  you 
see  it,  and  now  you  don't  see  it." 

Mine  differ  from  other  eyes,  if  a  blue  color  can  be  seen  in  any 
planetary  nebula. 

RocHBSTBR,  N.  Y.,  Jan.  29, 1894. 

To  ask  or  search,  I  blame  thee  not,  for  hearen 
Is  as  the  book  of  Ood  before  thee  set, 
Whereiii  to  read  His  wondroas  works,  and  learn 
His  seasons,  hours  or  days,  or  months,  or  years. 

^lifilton. 
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WHAT  A  FIVE-INCH  TBLrBSCOPB  WILL  SHOW. 


OARRBTT  P.  8BRVIS8. 


In  one  of  the  early  numbers  of  the  Sidereal  Messenger^  Profes- 
sor H.  L.  Smithy  then  of  Hobart  College,  described  the  beautiful 
work  done  by  a  short  focus  telescope  made  for  him  by  John 
Byrne  of  New  York.  The  glass  was  of  4%-inch  aperture  and  38- 
inch  focal  length.  I  had  the  pleasure  of  looking  through  that 
glass  just  after  it  had  been  finished  by  Mr.  Byrne  and  before  he 
had  shipped  it  to  its  purchaser.  It  seemed  to  me  then  that  I  had 
neyer  beheld  such  clean-cut  star  disks,  and  such  admirable  views 
of  Saturn  as  it  aflforded. 

Recently  I  have  procured  through  Messrs.  Gall  and  Lembke 
of  New  York,  with  whom  Mr.  Byrne  is  now  associated,  a  short- 
focus  5-inch  telescope  of  B3rme's  making,  and  I  think  some  ac- 
count of  its  performances  will  be  of  interest  to  the  readers  of 
PopULrAR  Astronomy.  This  telescope,  of  5-inch  clear  aperture, 
has  a  focal  length  of  52%  inches.  If  made  according  to  the  or- 
dinary formula  it  would  have  been  about  75  inches  in  length. 
Two  distinct  advantages  are  gained  through  cutting  down  the 
focal  length ;  first  greater  ease  in  handling,  and  second,  increased 
light  in  proportion  to  length. 

One  of  the  first  objects  upon  which  I  chanced  to  turn  the  glass 
last  summer,  after  receiving  it  from  the  hands  of  the  maker,  was 
Antares.  Everybody  knows  the  story  of  the  discovery  by  Pro- 
fessor Mitchell  of  the  seventh  magnitude  green  companion  of  this 
great  fiery  star.  He  saw  it  emerging  before  its  brilliant  comrade 
from  occultation  behind  the  Moon.  It  is  not  an  easy  star  to  see 
with  telescopes  of  moderate  size.  Herschel  missed  it  with  his 
great  instruments,  and  until  1844  nobody  in  Burope  had  ever 
seen  it.  I  was  gratified  at  the  exceeding  ease  with  which  the 
5-inch  showed  it.  The  disks  of  both  stars  were  beautifully  de- 
fin^,  and  the  diflEraction  rings  playing  around  Antares  aidded 
splendor  to  the  contrast  of  color  between  it  and  its  little  com- 
panion.   It  was  a  most  charming  sight. 

Wishing  to  try  a  closer  test  object,  I  turned  to  the  star  2  2173 
in  Ophiuchus.  The  components  are  each  of  sixth  magnitude  and 
their  distance  apart  is  0'^91.  This  is  just  at  the  limit  of  separat- 
ing power  for  a  5-inch  according  to  Dawes'  rule,  and  I  might 
therefore  have  anticipated  some  difliculty.  But  I  found  none. 
The  stars  were  split  at  once.  The  double  5  Scorpii,  distance 
1".23,  was  so  easily  divided  that  I  was  able  to  show  it  to  ajpcr- 
son  who  had  had  no  experience  in  using  telescopes. 
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This  winter  I  have  tried  the  glass  in  Orion  with  equally  gratify- 
ing success.  In  the  presence  of  the  Moon  at  first  quarter  I  have 
eeen  both  the  fifth  and  the  sixth  stars  in  the  trapezium  almost 
without  eflFort.  The  V  double,  ri  Orionis,  which  Webb  says  was 
sometimes  split  by  his  S^-inch,  I  can  see  completely  separated  at 
all  times.  The  flocculent  appearance  of  the  great  nebula  as 
shown  with  this  glass  is  a  most  interesting  reminder  of  its  ap- 
pearance when  viewed  with  the  large  telescopes  of  the  observa- 
tories. 

I  have  mentioned  these  particulars  because  I  believe  that  it  is  a 
matter  of  interest,  as  well  as  of  importance,  to  every  amateur  in 
astronomy  to  know  what  a  really  good  glass  of  any  given  aper- 
ture should  be  able  to  do,  and  to  know,  moreover,  who.  is  com- 
petent to  make  good  glasses.  There  are  not  so  many  men  who 
can  do  it  that  there  is  any  danger  of  their  elbowing  one  another 
out  of  the  field.  Then,  too,  I  wish  to  say  a  word  in  behalf  of 
short-focus  telescopes,  especially  for  portable  use.  Nobody  who 
has  used  a  good  short  telescope  will  ever  consent  to  be  bothered 
with  a  long  one  of  the  same  aperture. 

Brooklyn,  N.  Y.,  Jan.  17. 


THE  APBX  OF  THE  EARTH'S  WAY. 


T.  J.  J.  SBB. 


The  annual  motion  of  th^  Barth  westward  round  the  Sun  gives 
rise  to  the  apparent  eastward  motion  of  the  Sun  among  the 
stars,  which  is  easily  observed  by  noting  the  changing  position  of 
the  Sun  among  the  constellations  lying  near  the  ecliptic.  In  this 
way  the  path  of  the  Sun  among  the  stars  was  investigated  by 
the  ancients,  who  called  the  great  circle  which  the  Sun  annually 
traces  out  in  the  sky,  the  ecliptic^  because  the  eclipses,  which  de- 
pend upon  the  positions  of  the  Sun  and  Moon  with  respect  to  the 
Earth  (as  was  fully  understood  by  the  ancients)  occur  near  this 
apparent  path  of  the  Sun,  which  is  the  intersection  of  the  plane 
of  the  Earth's  orbit  with  the  celestial  sphere. 

Now,  if  we  look  at  the  Sun  at  noon,  we  know  that  it  is  appar- 
entiy  moving  eastward,  and  that  the  Earth  is  really  moving 
westward,  in  the  plane  of  the  ecliptic  in  a  direction  perpendicular 
to  the  line  drawn  from  the  observer  to  the  Sun.  The  apex  of  the 
Earth's  way  at  noon  will,  therefore,  generally  be  near  the  west- 
ern  horizon,  at  a  point  in  the  ecliptic  90^  from  the  Sun.    The 
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direction  from  which  the  Earth  is  moving  will  be  situated  at  a 
point  in  the  ecliptic  90®  ahead  of  the  Sun,  and  at  noon  will  there- 
fore  be  near  the  eastern  horizon.  Now  when  the  Sun  is  setting 
the  point  from  which  the  Earth  is  receding  will  be  near  the  meri- 
dian, and  the  apex  of  the  Earth's  way  will  be  under  the  Earth, 
the  two  points  being  180®  apart,  on  exactly  opposite  sides  of  the 
celestial  sphere.  At  midnight,  when  the  Sun  is  at  its  lower  cul- 
mination, the  apex  of  the  Earth's  way  will  be  rising,  while  the 
point  of  the  heavens  from  which  the  Earth  is  receding  will  be 
setting.  If,  therefore,  we  know  the  path  of  the  ecliptic  by  the 
positions  of  naked-eye  stars,  we  shall  be  able  to  locate  the  apex 
o'f  the  Earth's  way  at  any  given  time  of  the  year.  Owing  to  the 
motion  of  the  Earth,  the  position  of  this  apex  will  move  east- 
ward along  the  ecliptic  at  the  rate  of  about  a  degree  per  day, 
the  same  rate  as  the  Sun  moves.  The  point  from  which  the 
Earth  is  moving  advances  at  the  same  rate,  and  if  we  can  locate 
the  apex  of  the  Earth's  way,  it  will  be  easy  to  locate  the  point 
of  the  heavens  from  which  the  Earth  is  moving.  In  observing 
shooting  stars  it  is  often  important  to  be  able  to  locate  the  apex 
of  the  Earth's  way  by  means  of  naked-eye  stars,  as  it  is  the  point 
from  which  most  meteors  will  generally  appear  to  come,  owing 
to  the  motion  of  the  Earth  being  here  added  to  the  independent 
motion  of  the  meteorites  in  space.  By  the  use  of  star  charts,  or 
a  celestial  globe,  this  is  easily  eflFected.  If  we  begin  with  January 
the  apex  of  the  Earth*s  way,  for  the  twelve  months  of  the  year> 
is  situated  successively  in  the  following  constellations : 

Virgo,  Libra,  Scorpio,  Sagittarius,  Capricomus,  Aquarius^ 
Pisces,  Aries,  Taurus,  Gemini,  Cancer,  Lfeo. 

Any  amateur  who  is  familiar  with  the  conistellations  along  the 
ecliptic  can  therefore  easily  locate  the  apex  of  the  Earth's  way  at 
any  time,  and  it  is  thus  easy  in  contemplating  the  heavens  to 
look  back  on  the  path  we  have  traversed  in  our  journey  round 
the  Sun,  and  to  locate  the  apex  of  the  Earth's  way  towards 
which  we  are  moving  at  the  rate  of  about  19  miles  per  second. 

Thb  University  of  Chicago,  1894,  Jan.  25. 

Brilliant  Meteor.— At  about  8:30  last  evening,  March  2,  a  bright  meteor 
swept  across  the  southern  sky,  meeting  the  meridian  at  about  an  angle  of  80^, 
moving  westward  and  a  little  southward.  It  passed  about  1^  south  of  Sirins, 
and  its  path  seemed  to  be  about  15^  long.  The  first  half  or  two-thirds  of  the  track 
showed  many  sparks,  while  the  last  of  it  was  very  distinctly  blue  and  was  very 
bright  and  without  sparks.  Moreover,  this  portion  seemed  to  be  of  an  extremely 
elongated  spindle  shape,  tapering  slightly  towards  the  ends,  and  there  being  cut 
off  cleanly.  The  track  disappeared  instantly,  and  did  not  extend  farther  west 
than  the  star  in  the  nose  of  Canis  Major.  w.  8.  a. 
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PLANET  NOTES  FOR  MAY. 


H.  C.  WILrSON. 


Mercury  will  be  at  tuperior  coigtmction,  /.  e.,  behind  the  Sua,  May  20  at  9^ 
44^  central  time.  Dtsring  May  this  planet  will  be  wholly  hidden  to  the  eye  by  the 
glare  of  the  Son,  although  it  is  calcnlated  to  reach  its  greatest  brilliancy  on  the 
23d. 

Yenua  will  be  in  good  position  for  observation  about  4  o'clock  in  the  morn- 
ing during  May.  Her  phase  will  increase  from  about  half  to  two-thirds  during 
the  month,  while  her  brilliancy  will  diminish  in  the  ratio  of  137  to  97  in  the  same 
time,  because  of  her  recession  from  the  Barth.  Venus  and  the  waning  Moon  wiH 
be  in  conjunction  May  1st  at  6^  07*"  p.  m.  central  time  and  again  May  31  at  3^ 

P.M. 

Mariis  also  to  be  observed  in  the  morning.  He  is  about  30^  west  and  14^ 
south  from  Venus,  in  the  constellation  Capricorn  and  will  move  northeast  into 
Aquarius  during  May.  At  the  end  of  the  month  he  will  be  found  about  half  way 
between  the  first  magnitude  stars  Pomalhaut  (a  Pbda  Anatrini)  and  Markab 
(a  PegMMi).  Mars  will  be  in  conjunction  with  the  Moon  March  28  at  2^  18" 
central  time.  Observers  in  Central  and  South  America  may  see  the  planet  oc- 
culted at  this  time. 

Jupiter  and  Ihpiune  will  be  too  low  in  the  west  during  the  early  evening 

hours  for  any  satisfiurtory  observ* 
ations  during  this  month.  The 
tables  of  the  satellites  are  there- 
fore omitted.  On  Poole  Bros,  map 
for  this  month,  however,  the 
courses  of  Jupiter  and  Neptune 
among  the  stars  are  indicated  for 
the  six  months  from  April  1  to 
Sept.  1. 

Stktum  will  be  in  best  position 
for  observation  during  May,  cros- 
sing the  meridian  about  10  o'clock 
in  the  first  half  and  9  o'clock  p.  u, 
in  the  latter  half  of  the  month. 
The  rings  of  Saturn  are  now 
pretty  well  widened  out,  so  that 
the  three  parts  can  be  distinguished 
readily  and  the  Cassini  division 
can  be  followed  all  the  way 
around.  The  elevation  of  the 
Barth  above  the  plane  of  the 
rings  is  about  12^.  Saturn  is  in 
the  constellation  Virgo  about  6^ 
north  of  the  first  magnitude  star 
8pica,  with  which  he  is  almost 
equal  in  brightness.  A  conjunc- 
tion of  the  Moon  and  Saturn  oc- 

ApPARBUT  OMTTt  OP  THB  SATBlXrTBS  OP  ^„  j^^y  ^g  ^^  ^^  55™  ^.j^, 

Ukanus  m  1894. 
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Uranua  is  also  in  good  position  for  observation,  being  at  opposition  May  3. 
We  giye  this  time  a  diagram  showing  the  apparent  courses  of  the  fonr  satellites 
abont  the  planet.  In  the  tables  we  give  the  times  when  each  satellite  will  be  at 
greatest  elongation,  that  is,  at  the  point  0  on  the  diagram.  The  black  dots  with 
the  numerals  beside  them  indicate  the  positions  of  the  satellites  on  the  snccessive 
dates  after  the  northern  elongation.  For  example,  Umbriel  will  be  at  northern 
dongation,  i.  e  ,  at  the  point  marked  0  on  its  orbit,  May  3  at  8^.6  p.  if.  On  Maj 
4  at  the  same  hour  it  will  be  at  the  point  marked  1,  May  5  at  the  same  hour  it 
will  be  at  2,  etc. 

The  four  oldest  of  the  minor  planets,  Ceres,  Pallas,  Juno  and  Fes^  all  happen 
to  be  in  the  region  of  sky  covered  this  month  by  Poole  Bros*,  map,  and  their  ap- 
parent courses  for  the  next  six  months  are  shown  in  red  upon  the  map.  Ceres,  Pal- 
las and  Vesta  have  passed  the  best  time  for  their  observation  but  will  all  be  bright 
enough  to  be  found  without  much  difficulty  during  the  next  three  months.  Ceres 
Was  at  opposition  March  13.  Its  brightness  will  be  equal  to  that  oi  a  star  of  the 
7.2  magnitude  April  1,  7.6»  May  1,  7.9«»  June  1,  8.2«  July  1.  8.5"  Angust  1,  and 
8.8"  September  I.  Pallas  was  at  opposition  Feb.  7.  Its  brightness  will  be  7.0*" 
April  1,  7.6-  May  1.  8.1»  June  1,  8.5»  July  1.  8.8"  Ang.  I.  and  9.1"  Sept.  1. 
Vesta  was  at  opposition  March  10.  Its  brightness  will  be  6.5"  April  1,  6.8" 
May  1,  7.2"  June  1,  7.5"  July  1,  7.8"  Aug.  1  and  7.9"  Sept.  1.  Juno  is  not  so 
favorably  situated.  Although  she  comes  to  opposition  May  7  she  is  so  far  from 
her  perihelion,  or  point  of  nearest  approach  to  the  Sun,  that  she  will  at  brightest 
be  only  of  the  tenth  magnitude  and  will  therefore  probably  not  be  seen  by  the 
amateur. 


Planet  Tallies  for  May. 


[The  timet  siTen  are  local  time  for  Northfleld.  To  obtain  Standard  Times  for  Places 
In  approximately  the  same  latitude,  add  the  difference  between  Standard  and  Local 
Time  if  west  of  the  Standard  Meridian  or  subtract  if  east]. 

MBRCURY. 

Date.                 R.  A.                   Decl.                 Rises  Transits  Sets. 

1894.               hm                  ^       '             \\    m  hm  hm 

May   6 1  60.6   +  9  16    4  16  a.m.  10  56.6  A.  u.  6  38  P.  if . 

16 3  06.3   + 16  58    4  18  "  11  32.7  •»  6  47  " 

26 4  36  7   +2314    4  27  "  1222.5  p.m.  808  " 

VENUS. 

May   6 23  68.4   -  1  16    3  06  a.  m.  9  04.5  a.m.  3  04  p.m. 

15 0  37.7   +  2  17    2  61  **  9  04.4  "  3  18  ** 

26 1  18.2   +  6  03    2  37  "  9  05.4  "  3  34  " 

MARS. 

May   5 21  68.9   -  14  11    1  68  a.  M.  7  06.3  a.m.  12  12  p.m. 

15 22  26.0   -  11  55    1  36  '*  6  53.1  •*  12  10  " 

26 22  52.4   -  9  32    1  14  "  6  40.2  **  12  07  " 

JUPITBR. 

May   6 4  21.2   +  20  69    6  63  a.  m.  1  26.6  p.  M.  9  00  p.  M- 

16 4  30.8   +  21  22    6  22  *'  12  66.8  **  8  32  " 

26 4  40.6   +21  43    4  50  "  12  27.2  "  8  04  " 

SATURN. 

May   6 13  18.2   ~  6  18    4  39  p.  M.  10  22.1  p.  M.  4  06  A.  M« 

16 13  16.9   -  5  06    3  66  ••  9  40.5  *•  3  26  " 

25 13  14.1   -  4  56    3  14  "  8  69.4  "  2  44  " 

URANUS. 

May   6 14  43.6   -  16  25    6  45  p.  M.  11  47.2  p.  M.  4  49  A.  m. 

15 14  41.9   -  16  18    6  04  ••  11  06.3  "  4  09  ** 

26 14  40.4   -  16  11    6  22     "  10  26.4  "  3  28  " 
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NBPTUNB. 
Date.  H.A.  Dccl.  RIms.  Transits. 

.1894.  h       m  «       '  h    m  h    tn 

May      6 4  43.6  +  20  60  6  16  A.  M.         1  49.1  P.  M. 

IB 4  46.2  4-20  62  6  38     "  1  11.2    *' 

26 4  46.7  +  20  66  6  00     "  12  33.4    " 

THB  SUN. 

Maj      6 2  61.0  +  16  24  4  44  a.  ii.       11  66.6  A.  u. 

15 8  30.0  + 18  69  4  32     "  11  66.2    " 

26 4  10.0  +21  03  4  23    "  11  66.7    " 

THB  MOON. 

Maj      2 0  16.4  +    1  02  3  24  a.  u. 

4 1  68.0  + 14  11  3  69     " 

6 3  56.9  +  24  38  4  68     " 

8 6  13.3  +28  33  6  30    •* 

10 8  27.0  +24  03  9  01     " 

12 10  21.9  +13  34  11  41     " 

14 12  02.0  +    0  43  2  09  p.  II. 

16 13  37.8  -  11  49  4  30    «* 

18 16  18.4  -  21  66  6  50    " 

20 17  07.4  -  27  42  9  06    " 

22 18  69.6  -  27  61  10  63    " 

25 20  46.6  -  22  38  12  06  A.  M. 

27 22  22.0  ~  13  24  12  52    " 

29 23  64.3  -    1  36  1  28    " 

81 1  31  8  + 11  11  2  04    " 


9 

11 

12 

3 

5 


34.2  A.  If. 
07.7    •• 

58.5  p.  If. 

06.6  *• 
12.0    " 

6  58.8     " 

8  30.7     " 

9  68.4    " 
11  30.9     " 

1  11.6  a.m. 

2  56.8    ** 
4  33.6    " 

6  02.1     " 

7  26.2    " 

8  66.4    •* 


Sets, 
h      m 
9  22  p.  If* 

8  44    " 

8  07    " 

7  08  p.  If. 
7  20    " 
7  31    " 

3  56  p.  M* 
6  34    " 

9  12    " 
11  36    " 

08  A.  M. 
01    '• 
38    " 


1 
2 
3 
3  16 


4 
6 

7 


03  " 
16  " 
01    " 
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PRACTICiJL  8UGGBSTIONS. 


26.  What  preparation  in  Mathematics  and  Mechanics  is  neoessaty  for  the 
study  of  Chanvenet's  Practical  and  Spherical  Astronomy  ? 

Answer :  This  qnery  may  best  be  answered  by  referring  to  the  work  done  in 
graduate  courses  in  mathematics  and  astronomy  at  GoodseU  Observatory  of 
Carieton  College.  Graduate  students  only  have  attempted  this  work,  and  those 
who  have  had  a  good  training  in  the  elements  of  the  calculus  and  coll^ie  physics 
have  advanced  with  greater  rapidity.  The  student  should  have  a  preparation  in 
trigonometry  equal  to  that  given  by  Chauvenet ;  in  analytic  geometry,  that  of 
Howison  or  Smith,  including  three  dimensions;  the  differential  and  integral  cal- 
culus complete,  as  g^ven  by  Hardy,  or  equivalent;  thorough  work,  by  labora- 
tory methods  in  light,  heat,  sound,  electricity,  magnetism;  and  analytic  mechan- 
ics equivalent  to  that  given  by  Wood.  This  schedule  embraces  nearly  a  year  of 
work  for  a  graduate  student  before  he  is  ready  to  undertake  Chauvenet's  practical 
and  theoretical  astronomy  and  expect  to  read  from  fifteen  to  thirty  pages  a  day 
and  do  all  the  work  £Edthfully  that  is  indicated  in  the  text.  In  our  practice,  it  has 
seemed  best  when  we  came  to  the  illustrative  examples  under  any  topic,  not  only 
to  perform  those  given,  but  also  to  offer  other  simple  ones  that  would  require  the 
use  of  the  astronomical  instruments  to  obtain  the  necessary  data,  thereby  giving 
the  student  practice  with  the  instruments  in  connection  with  the  application  of  im- 
portant mathematical  formuUe.  In  connection  with  other  study  the  two  volumes 
of  Chauvenet's  practical  and  spherical  astrofiomy  are  pursued  47  weeks  continu- 
ously in  the  special  course  above  referred  to. 

27.  Was  Mercury  visible  to  the  naked  eye  during  the  last  days  of  February  ? 

B.  B.  M. 

Answer:  It  was.  The  bright  object  referred  to  in  the  letter  of  the  above 
querist  was  Mercury. 

28.  Will  you  suggest  a  suitable  glass  adapted  to  the  use  of  beginners  already 
having  a  fidd  glass  ?  It  is  wanted  for  occasional  use  and  moderate  power  only 
is  expected.  w.  k. 

Answer:  It  is  difficult  to  answer  the  above  query  definitely  and  briefly,  be- 
cause so  much  that  is  useful  may  be  done  with  small  instruments,  if  they  are  only 
adapted  in  unimportant  particulars  to  the  special  lines  desired.  A  telescope  of 
3  or  4  inches  aperture  if  properly  mounted  will  give  a  wide  range  of  visual  obser- 
vation. It  is  of  the  first  importance  that  the  mounting  be  heavy  enough  to  hold 
the  telescope  steadily.  If  the  mounting  be  portable,  (as  is  usual  with  such  a  size 
of  glass)  it  must  be  heavy  enough  for  out-o^door  use  when  the  wind  blows  mod- 
erately to  prevent  unsteadinessi  which  is  a  common  and  a  serious  ftiult  with  small 
telescopes. 

If  the  observer  wishes  only  to  look  at  celestial  otjects  for  the  purpose  of  sat- 
isfying himself  as  to  their  casual  appearance  in  the  telescope,  and  nothing  more, 
then  a  battery  of  eye-pieces  adapted  to  the  sixe  of  the  glass  is  aH  that  is  neces- 
sary. If  he  wishes  to  do  some  study  of  any  particular  dass  of  objects,  then  his 
instrument  should  be  conveniently  adapted  to  the  special  Hue  of  his  choice.  This 
suggestion  is  quite  important.  The  student  or  observer  who  uses  a  tdescope 
without  any  method  or  aim  will  soon  tire  of  it,  for  that  reason.  But  if  he  has 
some  object  before  him  to  work  out  carefully  and  in  a  methodical  way,  he  will  never 
lack  interest  in  it  if  he  has  wisdy  chosen  his  theme.  That  is  the  way  Bumham, 
Barnard,  Dawes,  Swift  and  a  multitude  of  others  have  worked,  and  become 
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fttmont  without,  at  all,  seekiiig  notoriety,  Imt  rather  indnstrioualj  laboring  to 
master  the  details  of  everything  they  wanted  to  know,  so  that  when  any  giyen 
piece  of  work  was  done  there  was  a  belief  that  the  best  was  done  that  could  be 
accomplished  under  the  circumstances.  This  is  the  only  way  to  gain  confidence, 
and,  CYery  one  knows  that  such  methods  of  acquiring  skill  are  not  peculiar  to  the 
study  of  astronomy  alone.  What  is  worth  doing  at  all  is  worth  doing  well. 
This  partial  answer  may  be  used  in  directing  thought  somewhat  in  regard  to  first 
things  in  answering  this  broad  query. 

29.  Are  large  obsenratories  heated  in  winter?  If  so,  how  are  the  currents 
overcome  ?  c.  p.  h. 

Answer:  The  observing  room  shoold  be  kept  at  the  same  temperature  as  the 
outside,  as  nearly  as  possible,  to  avoid  ctirrents  of  air  of  varying  temperature 
which  will  affect  the  "  seeing  *'  unfavorably.  Even  the  radiation  of  the  walls  of 
the  Observatory  in  rooms  without  fire  make  it  almost  impossible  to  keep  the  in- 
side temperature  the  same  as  that  outside.  In  good  observing  rooms  it  is  likely 
to  vary  2°  or  3°  one  way  or  the  other. 

30.  Will  the  same  eye  pieces  made  for  a  3-inch  objective  do  for  a  6-inch  ? 

c.  p.  H. 
Aoawer:    Yes. 

31.  What  do  astronomers  think  of  that  Chicago  man's  idea  of  building 
large  objectives  in  sections  ?    Has  it  ever  been  tried  before  ?  c.  p.  h. 

Aaawer :  We  have  not  beard  that  any  astronomer  or  physicist  has  expressed 
an  opinion  at  all  in  regard  to  the  so-called  discovery  of  Mr.  Gotham  of  Chicago. 
For  ourselves  we  have  not  thought  it  worth  while  to  inquire  about  the  matter 
farther  than  the  casual  reading  of  the  reports  that  appeared  about  the  10th  of 
last  month  in  Chicago  and  New  York  daily  papers.  The  proof  of  the  claim  vrill 
be  accepted  when  a  single  good  telescope  on  that  plan  is  made  by  any  one. 

32.  How  is  it  that  astronomers  difier  so  widely  in  the  estimates  of  the  dis- 
tances of  the  stars  obtained  by  parallax  ?  p.  a.  s. 

Answer:  For  fuller  answer  to  this  qneiy  than  space  win  here  allow  the 
reader  is  asked  to  consult  the  November  number  of  this  publication  which  con- 
tains an  article  titled  "The  Distance  of  the  Stars,"  (page  129),  and  the  frontis- 
piece of  the  same  number  which  was  designed  especially  to  show  the  degree  of 
accuracy  possible  to  this  kind  of  astronomical  work.  The  main  reasons  why  our 
best  knowledge  of  such  data  is  apparently  so  discordant  are  there  set  forth. 

33.  If  the  Sun's  equator  inclines  to  the  plane  of  the  ecliptic  T^  16^  and  the 
north  pole  of  the  Sun  leans  in  the  direction  of  the  position  of  the  Barth  in  its  or- 
bit on  Sept.  13,  what  would  be  the  angle  between  the  Sun's  equator  and  that  of 
the  Barth  ?  How  is  the  problem  solved  ?  Toward  what  place  in  the  heavens 
would  the  solar  axis  point  ?    Give  right  ascension  and  declination.        j.  d.  d. 

Answer:  Professor  Young,  in  his  book,  *'The  Sun,"  p.  139,  gives  the  right 
ascension  of  the  north  pole  of  the  Sun  as  18^  44™  and  its  declination  as  66^.  The 
axis  of  the  Sun  is  directed  toward  a  point  in  the  constellation  of  Draco,  not 
marked  by  any  conspkuous  star.  This  point  is  almost  exactly  half  way  betvreen 
the  bright  star  a  Lyrae  and  the  polar  star. 

As  to  the  process  by  which  the  inclination  of  the  Sun*s  equator  to  that  of  the 
Barth  is  determined,  filom  data  given  as  indicated  in  the  query,  it  is  simply  the 
solution  of  a  spherical  triangle  by  the  ordinary  rules  of  trigonometry.  Imagine 
a  great  sphere  surrounding  the  Sun.    The  axes  of  the  equator,  the  ecliptic  and 
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the  Sun  extended  to  the  north  will  cut  this  sphere  in  three  points  which  we  will 
designate  A,  B  and  C  in  the  order  named.  These  three  points  form  the  yertioes  of 
a  spherical  triangle  of  which  the  sides  AB  and  BC  are  known,  the  former  being 
the  distance  between  the  poles  of  the  ecliptic  and  equator  or  the  obHqaitjr  of  the 
eeHptic,  23^  27^  the  latter  the  inclination  of  the  Sun's  equator  to  the  plane  of  the 
ecHptic,  7^  16^.  The  third  side  AC  is  the  desired  inclination  of  the  Sun's  equator 
to  the  celestial  equator.  We  know  also  the  angle  at  B,  which  is  180^  —  the  longi- 
tude of  the  point  where  the  Sun's  equator  crosses  the  ecliptic.  The  last  mentioned 
longitude  is  now  about  74^  2(K.  Knowing  the  two  sides  and  the  included  angle 
of  the  spherical  triangle,  the  other  parts  may  be  easily  found. 

One  can  determine  these  roughly  by  measurement  upon  a  large  globe.  Draw 
a  great  circle  on  the  globe  and  take  a^y  point  A  as  the  north  pole  of  the  celestial 
equator.  Prom  A  measure  off  2SW^  to  B,  the  pole  of  the  ecliptic.  At  B  construct 
the  angle  106^^,  counting  around  from  A  in  the  direction  of  movement  of  the 
hands  of  a  watch,  and  measure  off  an  arc  of  7V4°  to  C,  the  north  pole  of  the  Sun. 
The  arc  AC  may  then  be  measured,  giving  the  inclination  of  the  solar  equator  to 
the  celestial  equator,  which  is  also  90^  —  the  declination  of  the  solar  axis.  Meas- 
ure the  angle  between  the  arcs  AB  and  AC  and  add  270^.  This  will  give  the 
right  ascension  of  the  solar  axis. 


GBNBRAI^  NOTBS. 


Subscribers  sometimes  suggest  themes  for  information  that  have  so  vride  a 
range,  as  to  require  the  preparation  of  an  article  to  make  the  meaning  sought 
entirely  clear.  Such  queries  may  take  more  time  to  answer  them  promptly  than 
we  have  at  command.  Under  such  circumstances  we  often  apply  to  our  friends 
to  help  us.  Such  a  case  occurred  a  few  days  ago.  A  scholarly  reader  asked  infor- 
mation about  the  apex  of  the  Earth's  Way,  and  we  requested  Professor  T.J.J.  See  of 
the  University  of  Chicago  to  prepare  a  brief  article  on  that  topic  that  would  ex- 
plain all  in  plain  language.  He  has  done  so,  and  the  excellent  statement  will  be 
found  elsewhere  in  this  issue.  We  ought  to  say  for  Professor  See  that  this  writ- 
ing was  done  because  we  asked  it,  and  because  he  was  kindly  willing  to  help 
popular  readers  to  find  out  what  they  wanted  to  know.  No  one  who  knoMrs 
the  elements  of  astronomy  will  suppose,  we  are  sure,  that  Professor  See's  inten- 
tion was  to  give  an  original  paper  on  that  theme. 


Naked-Bye  Snnspots*— Mr.  Morris  Peck  of  Red  Bank,  O.  in  a  recent  letter 
gives  an  account  and  drawing  of  a  large  sunspot  seen  Peb.  22.  By  the  aid  of  a 
field-glass  three  spots  could  be  seen,  one  of  them  was  visible  to  the  naked  eye  on 
each  of  the  two  days.    It  was  not  visible  March  1. 

This  great  spot  was  first  seen  and  photographed  at  Goodsell  Observatory  of 
Carleton  Coll^;e  on  Peb.  16,  when  it  was  just  visible  on  the  east  Hmb  of  the  Sun. 
It  was  also  photographed  on  the  16,  17,  21,  22,  23,  24,  26,  27.  In  comparing 
Mr.  Peck's  drawing  with  our  photographs  there  is  no  doubt  but  that  he  has 
drawn  the  some  spot  that  we  photographed.  We  were  also  interested  in  the 
Greenwich  observations  of  this  sunspot.  It  was  there  seen  and  measured  Pebru- 
aiy  18.  It  was  then  1900  miUionths  of  the  solar  hemisphere,  and  the  ObsenrM- 
toty  gives  the  following  in  regard  to  magnetic  disturbance  during  the  life  of  the 
spot:    "  A  considerable  magnetic  disturbance  was  observed  to  b^^  veiy  sharply 
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at  8^  16">  p.  M.  on  Pd).  20,  and  the  moyements  continued  to  be  pretty  actiTe  till 
11^  p.  M.  on  Feb.  21.  The  magnets  remained  fturly  quiescent  for  24  hours,  when 
the  disturbance  recommenced  with  greater  intensity  than  before,  continuing  until 
2^  ▲.  M.  on  the  26th  with  another  quiescent  period  between  7^  a.  m.  on  Feb.  24  to 
7^  A.  M.  Feb.  26." 


Minor  Planets*— Since  our  last  issue  we  have  to  record  the  discoTcry  of 
four  new  minor  planets,  as  follows: 

A.  T.   Jan.  29,  Charlois,  Nice. 

A.  XT.  Jan.  29,  Charlois,  Nice. 

A.  V.    Feb.  16,  Courty,  Bordeaux. 

A.  W.  Feb.  18,  Wilson,  Northfidd. 

In  the  March  number  of  this  publication  an  account  of  the  photographic  dis* 
coTcry  of  the  last  named  planet  was  g^yen  by  Dr.  Wilson.  In  the  March  number 
of  AstfoDomy  and  Aatro-Pbyaics  a  faller  account  will  also  be  found.  It  is  an 
interesting  £act  that  the  planet  had  passed  opposition  about  four  months  at  the 
time  of  discovery,  and  was  then  probably  a  little  less  than  the  12  magnitude.  At 
opposition  it  would  of  course  be  somewhat  brighter. 

From  the  last  Obaervatoty  we  learn  that  "  the  following  six  planets,  all  dis- 
covered by  M.  Charlois  in  1893,  have  received  permanent  numbers:  AJ  =:  (373), 
AK  =  (874),  AL  =  (375),  AM  =  (376),  AN  =  (377),  AP  =  (378).  AO  does  not 
receive  a  permanent  number,  not  having  been  suffidently  observed." 


Celestial  Motions,  A  Handy  Book  of  Astronomy,  by  William  Thynne 
Lynn,  appears  in  its  eighth  edition  under  date  of  Feb.  1, 1894.  This  is  an  attrac- 
tive little  Fcap  octavo  of  126  pages.  It  contains  eleven  chapters  on  the  following 
subjects:— The  Earth,  The  Moon,  The  Sun,  The  Solar  System,  The  Planets,  Com- 
ets, Meteoroids,  The  Fixed  Stars,  The  Constellations,  The  Refraction,  Propaga- 
tion and  Aberration  of  Light,  The  Calendar.  It  is  illustrated  by  the  following 
plates:  Comparative  Sizes  of  the  Sun  and  Principal  Planets,  Diagram  illustrating 
the  Motions  of  the  November  Meteors,  Diagram  illustrating  the  Relative  Posi- 
tions of  the  Seven  Principal  Stars  of  Ursa  Major.  The  above  contents  fairly 
represent  the  scope  of  this  book  which  gives  in  compact  form  much  valuable  in- 
formation on  the  subjects  treated.  This  edition  differs  from  those  which  have 
Xn-eceded  it,  in  that  additional  matter  is  introduced  in  the  chapter  on  the  fixed 
stars,  and  some  details  on  periodic  comets  are  omitted.  A  few  pages  at  the  dose 
of  the  book  are  given  to  the  explanation  of  technical  terms.  Publisher,  Edward 
Stanford,  26  &  27  Cockspur  St.,  London,  S.  W.    Price  2s. 

Remarkable  CometSy  by  the  same  author  as  the  above,  is  an  Fcap  octavo 
of  40  pages.  This  is  a  very  readable  book  and  is  valuable  for  reference.  It  treats  of 
"those  comets  which  may  be  considered  remarkable  either  for  their  brilliant  ap- 
pearance, their  periodic  returns  or  any  other  drcumstance  respecting  them."  Be- 
ginning with  the  comet  recorded  by  Aristotle  which  appeared  when  he  was  about 
thirteen  years  of  age,  the  writer  names  and  briefly  states  interesting  details  in  re- 
gard to  the  best  known  comets  to  the  present  time  Incidentally  and  without 
burdening  the  text,  remarkable  historic  events  which  were  coincident  with  the 
appearance  of  comets  are  mentioned.  There  is  also  presented  a  condensed  his- 
tory of  the  progress  made  in  the  knowledge  of  cbmetary  motion  and  character. 
The  book  closes  with  ''a  list  of  the  dates  in  order  of  the  next  returns  of  the 
comets  which  may  fairiy  be  expected  to  reappear."  Publisher  Edward  Stanford. 
Price  6d. 
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Celestial  Objects  for  Omiinon  Telesoopee.— This  well  known  book 
by  the  Rev.  T.  W.  Webb  has  already  reached  its  fifth  edition.  Its  fourth  edi- 
tion was  published  in  1881,  in  one  yolnme,  containing  493  pages  of  excellent 
matter  conveniently  arranged  for  reference,  and  in  every  respect  well  adapted 
to  supply  the  place  it  was  intended  to  fill.  When  the  edition  became  ex- 
hausted, the  friends  of  the  work  considered  what  should  be  done  to  bring  it  to 
date  and  to  the  present  wants  of  Amateur  Astronomy.  The  preparation  of  the 
fifth  edition  was  undertaken  by  Rev.  T.  E.  Bspin,  and  it  was  decided  to  bring  out 
the  same  in  two  volumes  instead  of  one  with  Messrs.  Longmans,  Green  &  Co.  of 
London  and  New  York,  as  publishers.  The  first  volume  has  been  issued  and  it  is 
before  us.  It  has  nearly  the  same  appearance  as  formerly,  the  typt  essentially 
the  same  and  the  size  of  the  page  the  same,  although  its  shape  is  slightly  different. 
It  has  been  the  purpose  of  the  reviser  to  make  as  little  change  in  the  text  as  possi- 
ble, omitting,  or  adding  new  matter,  when  really  necessary  to  make  the  new  edi- 
tion what  the  present  state  of  science  demands  The  first  18  pages  are  almost 
identical  with  those  of  the  fourth  edition.  Then  follow  lengthy  notes  on  celestial 
photography  and  the  spectroscope  as  applied  to  the  telescope.  Part  II,  The 
Solar  System  is  taken  up  in  the  same  order  as  before.  To  the  Sun  is  given  a  little 
less  space  than  before,  although  a  number  of  new  notes  are  furnished  by  Miss 
Brown  who  has  been  asked  to  contribute  for  this  topic.  The  planets  Mercury  and 
Venus  have  about  the  usual  space  with  notes  concerning  late  work  on  the  rota- 
tion periods  of  each,  although  we  notice  that  the  weight  of  authority  is  claimed 
for  the  24  hour  period  for  the  latter  planet,  instead  of  that  advocated  by  Schiap- 
arelli.    Terby 's  work  is  later,  but  is  it  more  exhaustive  ar  decisive  ? 

A  few  pages  have  been  added  to  the  matter  given  concerning  the  Moon.  Mr. 
Blger,  who  has  been  consulted  in  this  part  of  the  revision,  thinks  that  if  the  mat- 
ter were  to  be  brought  to  date  many  alterations  and  insertions  in  the  text  would 
be  necessary.  He  has  given  a  good  note  (on  page  79)  of  Professor  Pick- 
ering's work  at  Arequipa  on  the  streaks  around  Tycho  with  the  13-inch  telescope. 
We  do  not  notice  any  reference  to  the  study  of  the  vaiying  temperature  of  the 
Moon's  surface  as  related  to  its  phase  which  has  been  recently  shown  by  the  aid 
of  the  bolometer  at  the  Allegheny  Observatory. 

In  the  notes  on  Mars  reference  is  made  to  the  so-called  "canals,"  as  observed 
in  1881-2  and  since,  and  Professor  W.  H.  Pickering's  observations  of  as  many  as 
40  lakes  at  the  intersection  of  the  "canals,"  and  the  evidence  of  the  peculiar  sea- 
sons on  the  planet  as  derived  from  the  markings  of  the  planet's  surface.  The  nar- 
row, dark  sone  surrounding  the  south  polar  spot,  as  seen  by  several  observers  in 
1892,  is  also  noticed.  Its  deep  shade,  its  wonderful  changes  indicating  a  process 
of  violent  dissolution  on  the  one  hand,  and  on  the  other  a  change  of  size  in  the 
brief  time  of  24  hours  affecting  an  area  as  great  as  2,600,000  square  miles  that 
had  the  appearance  of  a  fall  of  snow;  also  the  dark  line  across  the  north  polar 
cap  and  its  divisions  as  seen  in  1888  by  several  observers. 

The  new  matter  for  Jupiter  is  supplied  by  Rev.  W.  R.  Waugh,  and  in  all  con- 
sists of  about  four  pages,  having  reference  mainly  to  later  studies  of  the  sur&ce 
markings  of  the  planet  and  the  fifth  satellite  by  Barnard.  Saturn,  Uranus  and 
Neptune  are  without  important  new  notes.  About  three  pages  are  added  to  the 
subject  of  comets,  and  Mr.  Denning  has  supplied  about  nine  pages  pertaining  to 
meteors  which  is  new  matter  and  of  course  important.  Two  general  appendices 
follow  which  give  brief  additions  to  subjects  already  considered.  This  revision 
seems  to  be  excellently  done. 
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THB  FIXBD  STARS. 


W.  H.  8.  MONCK. 


m. 

One  of  the  most  fondamental  problems  in  connection  with  the 
fixed  stars  is  that  of  their  distances  from  the  Earth ;  bat  the  solu- 
tion is  beset  with  a  number  of  difficulties  many  of  which  are,  I 
believe,  known  only  to  those  who  have  dealt  with  the  subject 
practically.  Others,  however,  can  be  made  intelligible  to  all. 
The  general  principle  is  the  same  as  that  adopted  in  the  case  of 
distant  or  inaccessible  objects  on  the  Earth.  We  measure  a  base 
line  and  observe  the  angles  made  by  the  lines  joining  each  end  of 
this  base  line  to  the  object,  from  which  the  length  of  the  sides  of 
the  triangle  thus  found  can  be  computed  by  the  ordinary  formulae 
of  trigonometry.  If  the  base  line  is  very  short  compared  with 
the  sides,  the  latter  are  nearly  equal  to  each  other.  The  formulae 
used  rest  on  the  assumption  that  the  three  angles  of  a  triangle 
are  always  equal  to  two  right  angles  (or  to  180®).  If,  as  some 
metaphysical  mathematicians  maintain,  this  principle  may  fail  us 
in  the  region  of  the  fixed  stars,  our  efforts  to  ascertain  the  dis- 
tance of  any  of  them  would  prove  fruitless ;  but  I  know  of  no  rea- 
son, astronomical  or  philosophical,  for  doubting  its  truth.  But 
this  principle  at  once  shows  us  one  difficulty  in  the  problem.  We 
cannot  measure  angles  with  absolute  accuracy.  Suppose  that  the 
real  value  of  the  vertical  angle  of  our  triangle  was  half  a  second, 
if  we  made  an  error  of  half  a  second  in  measuring  the  base  angles, 
the  vertical  angle  might  altogether  disappear  with  the  result  that 
the  distance  of  the  star  would  appear  to  be  infinite;  or,  on  the 
other  hand,  we  might  make  the  vertical  angle  double  what  it 
really  is,  which  with  angles  as  small  as  this  would  reduce  the  dis- 
tance by  one-half.  Again  the  star  is  displaced  by  refraction  and 
if  our  base  line  was  a  pretty  long  one  the  amount  of  refraction 
might  be  considerably  different  at  the  two  ends.  Moreover,  as 
the  earth  is  moving  and  the  star  may  be  moving  also,  an  error 
might  arise  if  the  two  angles  were  not  measured  at  the  same  in- 
stant. Finally  a  base  line  measured  on  the  earth  would  be  really 
an  arc  of  a  great  circle  instead  of  a  right  line,  and  computation 
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woald  have  to  be  resorted  to  in  order  to  find  the  real  meastire- 
ments  of  the  base  line  and  base  angles  of  the  plane  triangle  with 
which  we  were  dealing.  It  Has  been  found  impossible,  however, 
to  measure  any  base  line  on  the  earth  which  will  give  a  sensible 
angle  at  the  star.  The  two  base  angles  as  measured  may  not  be 
exactly  equal  to  two  right  angles,  but  they  are  as  likely  to  be 
greater  as  to  be  less,  and  the  angle  found  manifestly  depends  only 
on  errors  of  observation  and  calculation. 

We  must  therefore  find  a  longer  base-line  to  start  with,  and  such 
a  line  is  aflforded  by  the  diameter  of  the  earth's  orbit.  Its  length 
indeed  is  not  exactly  known,  though  the  error  of  the  most  recent 
determinations  cannot  be  very  large.  But  even  if  it  were  not 
known,  we  could  at  all  events  find  the  proportion  between  the 
distance  of  the  star  and  that  of  the  Sun.  The  distance  of  the  Sun 
is  indeed  our  real  unit  of  measurement  as  regards  the  distances  of 
the  fixed  stars,  and  it  is  firom  it  that  any  other  units  of  measure- 
ment that  we  may  adopt  must  be  derived.  At  the  end  of  six 
months  (or  rather  a  little  more  or  less  than  six  months,  depending 
on  the  eccentricity  of  the  earth's  orbit)  the  earth  will  be  at  the  op- 
posite end  of  the  diameter  of*  its  orbit.  We  thus  obtain  a  base 
line  of  over  180,000,000  miles  in  length  and  if  we  can  ascertain 
the  vertical  angle  we  can  measure  the  distance  of  the  star.  Half 
of  this  vertical  angle  is  known  as  the  parallax  (or  annual  paral- 
lax) of  the  star;  and  therefore  investigating  the  parallax  of  a 
star  is  the  same  thing  as  trying  to  measure  its  distance.  But  the 
difficulties  which  meet  us  in  this  inquity  are  even  more  numerous 
than  before.  First  the  position  of  the  star  is  affected  by  the  aber- 
ration of  light  as  well  as  by  refraction.  Then  its  position  is  ascer- 
tained by  its  right  ascension  and  declination,  the  first  of  which 
depends  on  the  exact  position  of  what  is  known  as  the  first  point 
of  Aries,  and  the  second  on  that  of  the  pole— neither  of  which 
points  are  precisely  fixed — while  any  error  in  the  sidereal  time  of 
the  observation,  from  whatever  cause  arising,  may  also  lead  us 
astray.  The  angle  to  be  computed  is  so  minute  that  errors  aris- 
ing from  these  and  other  sources  may  completely  conceal  it.  All 
that  we  can  say  in  most  cases  is  that  it  is  extremely  small.  There 
is  strong  reason  to  believe  that  of  no  star  hitherto  attempted 
does  the  parallax  amount  to  as  much  as  one  second.  Let  us  see 
what  this  means.  With  angles  as  minute  as  this,  the  arc  may  be 
considered  as  equal  to  its  chord,  and  thei^  being  206,266  seconds 
in  an  arc  equal  to  the  radius  of  a  circle,  the  distance  of  the  star  is 
at  least  206,265  times  that  of  the  Sun.  From  this  principle  that 
the  arc  is  equal  to  the  chord  another  result  follows.    If  we  could 
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determme  the  parallaxes  of  two  or  more  stars  their  distances 
would  be  inversely  as  their  parallaxes.  If  we  adopted  as  our  unit 
of  distance  that  of  a  star  with  a  parallax  of  one  second  (in  6ther 
words  206,266  times  the  distance  of  the  Sun),  the  distance  of  any 

other  star  will  be — ,  where  p  is  the  parallax  expressed  in  frac- 
tions of  a  second.  This  would  I  think  be  a  more  couYenient  unit 
of  distance  than  that  usually  adopted  by  astronomers;  yiz.,  a 
year's  light-passage  or  the  distance  which  light  travels  in  a  year. 
I  find  the  expressions  for  the  distances  of  stars  on  this  latter 
scale  cumbrous,  besides  iovolYing  in  every  case  an  unnecessary 
arithmetical  computation. 

The  mode  of  measuring  parallaxes  which  I  have  mentioned  has 
been  to  a  great  extent  superseded  by  another.  If  we  take  two 
near  stars  we  may  regard  refraction  and  aberration  as  the  same 
for  both,  and  in  considering  their  relative  parallax  -we  get  rid  of 
the  necessity  of  these  corrections.  Now  if  one  of  these  stars  is  so 
far  away  that  the  lines  joining  it  to  the  end  of  the  base  line  may 
be  regarded  as  parallel,  the  vertical  angle  at  the  other  star  is 
equal  to  the  difference  between  the  angles  which  apparently  sep- 
arate the  two  stars  when  we  are  at  opposite  ends  of  the  base  line. 
We  could  thus  obtain  the  parallax  of  one  star  if  we  were  certain 
that  the  distance  of  the  other  star  was  enormously  greater.  But 
in  any  case  we  can  get  the  diSkrence  between  the  parallaxes  of  the 
two  stars,  as  will  be  easily  seen,  if  we  suppose  a  third  star  at  a 
really  infinite  distance  and  the  parallaxes  of  both  stars  measured 
in  relation  to  it.  This  method  has  been  frequently  tried  in  recent 
times.  A  particular  star  is  supposed,  on  account  of  its  bright- 
ness, or  for  other  reasons  to  be  mentioned  hereafter,  to  be  nearer 
to  us  than  its  neighbors.  We  compare  its  position  with  one  or 
more  of  these  at  intervals  of  six  months  (or  some  other  calculable 
period)  and  determine  the  relative  parallax.  Of  course,  as  the 
brightness  of  a  star  does  not  depend  solely  on  its  distance,  the 
fainter  star  may  be  the  nearer  of  the  two.  In  this  case  if  our 
measures  were  sufficiently  accurate  we  should  obtain  a  negative 
parallax  for  the  brighter  star.  Or  the  small  star  may  be  a  satel- 
lite of  the  latger  one.  In  such  cases  it  is  certain  that  the  differ- 
ence in  their  distances  would  elude  any  means  of  observation  that 
we  now  possess,  and  the  relative  parallax  would  be  0.  A  positive 
parallax  indicates  that  the  star  is  nearer  than  the  companion  or 
companions  with  which  it  is  compared,  and  if  the  distance  of  the 
faint  star  is  enormously  great  that  of  the  brighter  one  may  be 
deduced  from  the  relative  parallax  almost  as  confidently  as  if  it 
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were  an  absolute  parallax.  Suppose  for  instance  that  we  obtain 
a  parallax  of  0".40  on  comparing  with  a  star  whose  parallax  we 
have  reason  to  believe  does  not  exceed  (^'.02,  we  have  as  mnch 
accuracy  as  we  can  expect  under  present  circumstances.  The 
grounds  for  thinking  that  certain  stars  are  very  distant  will  be 
mentioned  hereafter. 

Recently  a  method  has  been  introduced  in  which  instead  of 
measuring  the  distances  between  the  stars  in  the  sky  we  meas- 
ure the  distances  between  their  images  on  a  photographic 
plate.  In  this  way  we  can  use  several  comparison  stars,  and 
measures  may  be  made  by  different  persons  and  repeated  as  oftien 
as  is  thought  desirable.  Relative  parallaxes  only  of  course  can 
be  obtained  in  this  manner,  and  if  we  obtain  different  results  from 
different  comparison  stars  we  can  take  a  mean.  These  different 
results  however  may  arise  from  the  fact  that  some  of  the  compar- 
ison stars  are  nearer  to  us  than  others— in  which  case  the  largest 
parallax  obtained  from  any  comparison  star  is  most  likely  to  be 
the  correct  one. 

Hitherto  we  have  supposed  the  stars  to  be  motionless ;  but  in 
reality  they  are  all  moving— or  at  least  moving  relatively  to  the 
solar  system— and  unless  we  know  their  motions  our  researches 
on  parallax  may  lead  us  altogether  astray.  The  proper  motions 
of  a  considerable  number  of  stars  are  now  pretty  well  known  and 
can  be  allowed  for,  while  a  sufficient  number  of  observations 
might  enable  us  to  make  a  simultaneous  determination  of  the 
parallax  and  tl^e  proper  motion.  The  proper  motion  of  stars  be- 
ing very  small  may  be  usually  regarded  as  taking  place  in  a  right 
line  or  arc  of  a  great  circle  and  with  uniform  velocity.  But  to 
this  rule  there  are  exceptions.  Double  stars  revolve  round  their 
common  centre  of  gravity  in  orbits  that  have  only  been  accu- 
rately determined  in  a  few  instances— the  pair  having  usually  a 
rectilinear  motion  on  the  celestial  sphere  in  addition  to  this  mo- 
tion of  revolution.  A  puzzling  case  arises  where  no  companion 
star  is  visible,  yet  the  bright  star  moves  as  if  its  motions  were 
controlled  by  a  dark  companion.  Sirius  was  long  in  this  condi- 
tion. Procyon  is  so  still,  and  many  other  stars  whose  motion  is 
now  supposed  to  be  rectilinear  may  prove  to  be  really  influenced 
by  invisible  companions. 

Having  regard  to  these  difficulties  it  is  not  surprising  that  we 
should  possess  very  few  reliable  determinations  of  parallax.  In- 
deed it  has  more  than  once  happened  that  after  two  or  three 
fairly  coincident  determinations  giving  a  sensible  parallax,  an- 
other observer  arrived  at  a  totally  discordant  result.    But  I 
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think  it  may  be  affirmed  that  the  parallax  of  the  bright  Southern 
star,  a  Centauri  does  not  difier  very  much  from  C.75 :  that  61 
Cygni,  a  star  scarce  visible  to  the  naked  eye,  has  a  parallax  of 
about  C.45,  Siritis  probably  abont  0''.40  and  Procyon  abont 
(y\25.  Some  other  examples  might  be  given,  and  I  think,  while  it 
maybe  asserted  that  no  known  star  has  a  parallax  of  one  second, 
it  may  be  equally  affirmed  that  several  known  stars  have  paral- 
laxes exceeding  one-tenth  of  a  second.  The  distances  of  the  near- 
est stars  thus  range  from  200,000  times  to  2,000,000  times 
that  of  the  Sun.  That  the  distances  of  many  stars,  though  very 
great,  does  not  even  approach  the  infinite,  we  have  other  reasons 
for  believing.  One  of  these  is  afforded  by  the  case  of  the  double 
stars  already  alluded  to.  When  we  find  two  stars  easily  separa- 
ble by  our  telescopes  and  yet  revolving  round  each  other  in  a 
limited  time,  it  is  plain  that  either  their  distance  from  us  must  be 
(comparatively  speaking)  moderate  or  else  the  mass  of  the  sys- 
tem must  be  enormous,  a  Centauri  is  such  a  double  star.  The 
period  of  revolution  is  under  a  century  and  the  pair  can,  I  believe, 
be  separated  (I  have  never  seen  them)  with  a  good  field  glass. 
Here  we  have  a  remarkable  confirmation  of  the  parallax  other- 
wise determined.  The  case  is  not  very  dissimilar  with  Sirius. 
The  glare  of  the  great  star  indeed  usually  conceals  the  faint  one 
but  otherwise  in  most  situations  the  separation  would  not  be  very 
difficult,  while  the  period  of  revolution  is  shorter  than  that  of  a 
Centauri.  61  Cygni  is  also  an  easily  separable  double  star  but 
its  period  is  probably  long.  It  gives,  however,  another  evidence 
of  nearness  which  the  other  three  stars  mentioned  also  exhibit 
though  in  a  minor  degree,  vfr.,  large  proper  motion.  It  changes 
its  position  among  the  neighboring  stars  by  about  five  seconds 
every  year.  If  its  parallax  was  only  one-tenth  of  a  second  this 
wotdd  mean  that  it  travels  at  least  60  times  the  distance  of  the 
Sun  from  the  Barth  every  year— a  velocity  of  not  less  than  150 
miles  per  second.  Such  a  result  would  be  rather  startling  especi- 
ally if  we  had  to  assign  immense  masses  to  the  bodies  which  are 
flying  through  space  at  this  rate.  And  we  have  other  reasons  for 
concluding  that  such  enormous  velocities  are  altogether  excep- 
tional. For  by  means  of  the  spectroscope  we  can  measure  with 
greater  or  less  accuracy  the  velocity  with  which  a  star  is  ap- 
proaching or  receding  from  us  in  miles  per  second,  and  we  do  not 
find  in  this  way,  at  least  so  far  as  observations  hitherto  made  on 
ordinary  stars  extend,  any  such  velocities  as  these.  The  average 
rate  of  motion  in  the  line  of  sight  of  some  fifty  stars  examined  by 
Yogel  is  only  about  ten  miles  a  second  and  none  of  the  fifly 
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exceed  three  times  this  figure.  A  star  with  a  motion  of  one 
second  per  annnm  on  the  celestial  sphere  will  therefore  probably 
have  a  parallax  of  not  less  than  one-tenth  of  a  second.  We  know 
of  oyer  eighty  snch  stars,  and  I  think  we  may  conclude  that 
there  are  at  least  that  number  of  stars  whose  distance  does  not 
exceed  2,000,000  times  that  of  the  Sun,  or  10,  if  we  adopt  the  unit 
of  distance  which  has  been  suggested.  Not  of  course  that  proper 
motion  is  a  decisive  test  of  the  nearness  of  a  star.  A  near  star 
may  have  small  proper  motion  because  it  is  moving  directly 
towards  us  or  away  from  us,  or  if  the  Sun  is  also  moving  be- 
cause its  motion  is  nearly  equal  and  parallel  to  that  of  the  Sun. 
So  the  motion  of  a  comparatively  distant  star  may  be  exagger- 
ated because  it  is  moving  nearly  at  right  angles  to  the  line  of 
sight  and  is  situated  in  a  part  of  the  sky  where  the  Sun's  motion 
is  most  infiuential  in  producing  apparent  motions  in  the  stars ; 
while,  finally,  different  stars  no  doubt  differ  in  velocity  as  well  as 
in  mass  and  brilliancy.  No  one  symptom  of  nearness  can  be  re- 
lied on  as  conclusive,  but  when  several  of  them  combine  we  may 
feel  pretty  confident  of  comparative  nearness  without  actual 
measurement.  Take  for  instance  the  double  star  y  Virginis  whose 
parallax  has  not,  so  far  as  I  am  aware,  been  hitherto  measured. 
It  consists  of  two  stars  easily  separable,  with  a  moderate  period 
of  revolution.  It  is  fairly  bright  and,  judging  from  the  quality  of 
the  light,  its  brightness  does  not  appear  to  be  due  to  an  unusually 
high  temperature.  Its  proper  motion  though  not  very  large  is 
also  considerable.  1  think  I  may  venture  to  predict  that  its 
parallax  will  be  found  to  exceed  one-tenth  of  a  second. 

Now  take  another  case— the  star  6  Cygni  for  which  Sir  Robert 
Ball  found  a  parallax  of  nearly  half  a  second  while  Professor 
Asaph  Hall  found  a  negative  parallax.  Comparing  it  with  61 
Cygni,  it  is  also  a  double  star  somewhat  fainter  but  not  very 
much.  But  the  quality  of  its  light  indicates  that  it  is  at  a  much 
higher  temperature.  The  pair  is  very  easily  separable  but  though 
observed  for  years  no  motion  of  revolution  can  be  positively  as- 
serted. The  system  is  probably  binary  but  the  period  seems  to 
be  very  long.  Its  proper  motion  is  far  less  than  that  of  61  Cygni 
yet  by  no  means  insignificant.  On  the  the  whole  I  have  little 
doubt  that  Sir  R.  Ball's  parallax  is  largely  in  excess  of  the  true 
one,  while  Professor  Hall's  probably  errs  pn  the  other  side.  I 
would  not  venture  to  predict  the  ultimate  result,  but  perhaps  one- 
tenth  of  a  second  may  not  again  be  very  far  from  the  truth  and 
perhaps  rather  in  excess  than  defect.  Thus  on  the  one  hand  the 
distances  of  all  the  stars  are  such  as  to  elude  accurate  measure- 
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ment  with  oar  present  appliances,  bnt  on  tbe  other  hand  there  are 
many  cases  in  which  they  do  not  surpass  onr  powers  of  estima* 
tion.  And  faint  telescopic  stars  may  have  considerable  parallaxes 
—their  faintness  being  due  to  their  small  masses  and  low  temper- 
atures. 

Sirius, according  to  the  estimate  which  I  have  adopted, is  about 
600,000  times  as  remote  as  the  Sun.  At  that  distance  the  Sun's 
light  would  be  reduced  in  the  proportion  of  250,000,000,000  to 
1.  The  number  of  stars  visible  in  the  great  Lick  telescope  is  esti- 
mated at  100,000,000  millions,  of  which  about  one-half  would  be 
above  the  horizon  at  one  time.  What  would  the  illumination  of 
our  midnight  sky  be  if  every  one  of  these  hundred  millions  of 
stars  was  as  bright  as  Sirius  ?  Yet  Sirius,  if  brought  as  near  to 
us  as  the  Sun,  would  (according  to  my  estimate)  give  5,000  times 
as  much  light  as  this. 

I  might  fill— and  waste— pages  in  illustrating  the  vast  distances 
of  the  stars  compared  with  those  of  terrestrial  objects.  We  are 
in  fact  dealing  with  magnitudes  of  a  different  order  and  require 
to  commence  with  a  different  unit  of  distance.  Taking  such  an 
unit  the  range  of  distances  with  which  we  have  to  deal  is  not  so 
very  great.  On  the  scale  which  I  have  suggested  the  distance  of 
thenearest  known  star,  or Centauri,  is  about  1.3,  and  there  is  prob- 
ably not  a  single  star  visible  in  the  Lick  telescope  whose  distance 
exceeds  one  million.  Doubtless  there  are  stars  much  more  remote 
than  this,  but  they  are  beyond  the  range  of  our  present  telescopes. 
The  distance  of  Sirius  is  about  2.5.  Remove  it  to  the  distance 
25,000  and  it  would  become  fainter  by  twenty  magnitudes  which 
would  render  it  invisible  in  any  known  telescope.  And  in  this 
estimate  I  have  assumed  that  no  light  is  lost  in  transmission. 
If  light  is  lost— and  it  is  pretty  certain  that  some  light  is— the  de- 
cline in  brightness  with  distance  would  be  even  more  rapid  than 
this.  A  million  is  therefore  probably  rather  a  liberal  estimate  for 
the  maximum  distance  of  the  stars  with  which  we  have  to  deal 
in  Astronomy. 
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We  will  consider  in  this  article  the  constellations  which  are  in 
the  third  division  of  the  sky— that  lying  between  12  and  18  hours 
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right  ascension.  The  circumpolar  groups,  Ursa  Minor  and  Draco 
of  this  division,  were  described  in  the  IVth  paper  of  this  series. 
The  zodiacal  constellations  of  the  division  are  Virgo,  Libra  and 
Scorpio. 

Virgo.  This  name  is  given  to  a  very  large  area  lying  sontheast 
of  Leo.  It  contains  a  nnmber  of  bright  stars  which  can  be  read- 
ily recognized,  though  they  do  not  form  any  special  geometrical 
figure.  The  southernmost  conspicuous  star,  or  Virginis,  also  named 
Spica,  is  of  the  first  magnitude  and  is  recognized  without  diffi- 
culty because  it  is  quite  solitary.  Or,  it  makes  with  Arcturus  and 
Denebola  a  triangle  whose  sides  are  roughly  30°  in  length,  Spica 
the  southernmost.  (In  May,  1894,  the  planet  Saturn  is  about  6° 
north  of  Spica.)  Starting  from  Spica  there  are  six  third  magni- 
tude stars  to  be  found.  11°  north  of  Spica  is  C,  13°  east  of  C  is  y, 
and  6°  still  further  east  is  7.  8°  farther  east  and  2°  further  north 
of  V  is  /3.  Returning  to  y  (which  is  a  beautiful  double  star  in  a 
telescope),  and  looking  northeasterly,  we  find  tf  and  e  not  quite  in 
line,  6°  and  8°  respectively  separated  from  each  other.  North  of 
/3  are  three  fourth  magnitude  stars  which  mark  the  position  of  the 
virgin's  head,  her  body  extending  in  a  southeasterly  direction 
through  the  area.  There  is  also  a  fourth  magnitude  star,  0,  be- 
tween a  and  y,  which  will  attract  attention  in  tracing  the  stars. 
The  lines  on  the  chart  show  a  difterent  way  of  identifying  the 
stars,  including  those  fainter  than  the  ones  just  mentioned.  The 
star  Tf  is  not  far  from  the  autumnal  equinox,  and  this  part  of  the 
equinoctial  colure  may  be  roughly  drawn  by  passing  a  line  from  it 
to  the  pole  star.  It  will  go  through  d  Ursae  Majoris,  the  fourth 
star  in  the  Great  Dipper. 

Libra.  The  characteristic  figure  of  this  group,  which  lies  south- 
east of  Virgo  is  two  second  magnitude  stars  lying  in  a  northeast- 
southwest  line  about  10°  apart.  Parallel  to  this  line  and  about 
5°  further  southeast  are  two  fainter  stars  somewhat  nearer  to- 
gether, which  seem  to  imitate  faintly  the  two  first  mentioned- 
This  constellation  is  the  only  one  in  the  zodiac  which  does  not 
bear  the  name  of  a  living  creature  or  living  creatures.  In  Ptol- 
emy's catalogue  it  is  called  Claws,  and  was  therefore  apparently 
taken  out  from  the  next  group  Scorpio,  to  complete  the  number 
12  for  the  zodiacal  constellations. 

Scorpio.  This  is  one  of  the  few  constellations  which  bear  a 
rough  resemblance  to  the  object  suggesting  the  name.  It  is  a 
splendid  group,  easily  traced.  Southeast  of  Libra  is  the  bright 
red  star  a  Scorpii  or  Antares  which  is  the  central  one  of  the  three 
about  3°  apart.     These  three  stars  point  northwestward  to  S 
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which  18  the  central  one  of  the  three  conspicuous  stars  /?,  <T,  Wjin  a 
curved  line  convex  towards  the  northwest.  Though  the  daws  of 
the  primitive  scorpion  may  have  been  long  enough  to  extend  to  a 
and  fi  Librse,  the  reduced  claws  of  the  classical  figure  are  of  no 
mean  size  and  are  marked  each  by  a  star  near  the  extremity.  The 
southern  claw  stretches  westward  from  Sto  y,a  third  magnitude 
star  about  15®  west  of  S,  and  the  northern  claw  stretches  north- 
ward from  /3  to  S,a  fourth  magnitude  star  8®  north  of  /3.  An- 
other way  to  trace  this  part  of  the  figure  is  shown  on  the  chart. 
The  figure  should  be  completed  by  following  towards  the  south 
and  east  the  long  tail  of  the  scorpion  curving  northward  to  the 
two  stars  near  together,  X,  v.  In  the  northern  part  of  the  United 
States  the  southernmost  of  this  line  of  stars  are  seen  with  difii- 
culty. 

In  naming  the  constellations  it  is  customary  to  use  the  form 
Scorpio  as  the  nominative,  but  the  form  Scorpii  instead  of  Scor- 
pionis  for  the  genitive,  the  latter  formed  from  a  poetic  equivalent 
Scorpius. 

North  of  these  zodiacal  constellations  are  seven  groups  which 
we  will  take  up  beginning  with  the  northwestern  one. 

Coma  Berenices,  This  group  is  readily  recognized  as  a  cluster 
of  twenty-five  or  thirty  faint  stars  northeast  of  the  triangle 
marking  the  eastern  part  of  Leo. 

Canes  Venatici.  This  name  was  given  by  Hevelius  to  the  rather 
vacant  space  south  of  the  handle  of  the  Dipper.  Two  hunting 
dogs  were  depicted  with  a  leash  held  in  the  hand  of  Bodtes. 
There  is  only  one  bright  star  in  the  area,  which  is  about  halfway 
between  the  handle  of  the  Dipper  and  Coma  Berenices  and  is  in 
the  collar  of  the  southern  of  the  two  dogs. 

Bodtes.  The  conspicuous  star  of  this  group  is  the  brilliant  gem 
noted  in  primitive  and  classical  writings  as  Arcturus.  It  can 
readily  be  found  by  following  the  curved  line  made  by  the  handle 
of  the  Great  Dipper  outward  from  the  bowl.  A  coffin  shaped 
quadrilateral  made  by  this  star,  a,  with  17,  e  and  p  is  the  charac- 
teristic figure  of  the  area,  and  is  in  the  body  of  the  herdsman. 
Northeast  of  the  line  «,  p,  are  three  third  magnitude  stars  which 
mark  the  head  and  shoulders,  /9,  S  and  y.  A  difierent  plan  for 
tracing  this  group  is  given  on  the  chart. 

Corona  Borealis.  This  pretty  group  lies  just  east  of  the  central 
part  of  Bodtes,  and  consists  of  a  curved  line  of  seven  stars  which 
may  be  readily  imagined  to  constitute  a  garland  or  wreath. 

Hercules.  This  large  area  is  occupied  by  a  giant  form  whose 
head  is  at  the  south,  and  whose  legs  extend  the  one  over  Corona 
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Borealis  and  the  other  to  Draco  at  the  stars  y,  /3,  of  that  group. 
The  characteristic  figure  is  a  quadrilateral  of  third  magnitude 
stars  Vt  Ci  ^»  ^  which  are  about  15^  or  20^  northeast  of  Corona 
Borealis.  2^  east  of  7t  is  p,  which  may  be  thought  of  as  a  short 
handle  to  the  rather  deep  dipper  made  by  the  quadrilateral.  In 
the  side  ^  C  about  one-third  the  way  from  v,  and  about  at  the 
point  at  which  the  line  p  w  if  prolonged  would  meet  it  is  the  great 
star  cluster  in  Hercules.  This  quadrilateral  is  in  the  giant's  body. 
Other  stars  in  the  group  can  be  found  from  it  thus ;  From  7,  the 
northwest  star  of  the  quadrilateral,  the  star  r  lies  northwest 
about  10°.  Several  fainter  stars  west  of  it  are  in  the  leg  of  the 
hero.  The  line  ^r  p  if  prolonged  eastward  leads  to  6,  a  fourth 
magnitude  star  from  which  i,  a  star  somewhat  brighter,  lies 
about  10°  north  and  marks  the  other  leg.  The  diagonal  line  7  e 
leads  to  S  in  one  shoulder,  and  pc  which  lies  about  8°  northeast 
from  tf  marks  one  arm.  The  other  shoulder  is  marked  by  two 
stars  /3  and  y  about  3°  apart,  the  former  in  the  prolongation  of 
the  line  ja  S.  The  head  is  marked  by  a  third  magnitude  star  which 
makes  an  equilateral  triangle  with  the  two  stars  of  the  shoulders, 
<J  and  /3.  It  must  not  be  confounded  with  the  brighter  star  about 
5°  east  of  it  which  is  a  Ophiuchi.  A  little  group  of  fourth  mag- 
nitude and  fainter  stars  occupies  the  southeastern  part  of  the 
area,  about  20°  south  of  the  bright  star  in  Lyra  known  as  Vega. 
Opbiucbasand  Setpeas.  Theseconstellations  cross  each  other,  the 
latter  consisting  chiefly  of  a  line  of  stars  representing  the  serpent 
which  the  serpent  carrier  holds  in  his  hands.  The  head  of  Ophiu- 
chus  is  at  the  star  a  which  is  about  5°  east  of  a  Herculis.  As  in 
the  case  of  the  two  other  gigantic  figures  just  described,  Bo6tes 
and  Hercules,  a  triangle  of  stars  marks  the  head  and  shoulders. 
The  triangle  in  Ophiuchus  is  lettered  a,  >6f,  x.  The  eastern 
shoulder  fi  has  a  fainter  adjacent  star  y,  and  similarly  the  western 
shoulder  x  has  a  companion  i.  The  serpent's  head  is  marked  by  a 
number  of  faint  stars  about  10°  west  of  the  two  stars,  /?,  y^  in 
Hercules'  shoulder.  Following  the  line  southward,  /?,  <^,  a,  «,  M9  all 
in  Serpens  as  on  the  chart,  we  reach  the  place  where  the  serpent 
is  hidden  by  the  western  leg  of  Orphiuchus.  Continuing  the  line 
of  stars,  we  have  <^,  e  Ophiuchi  marking  one  hand,  C  one  leg  and  A. 
the  other  leg.  The  line  of  bright  stars  just  named,  beginning 
with  <T  Serpentis  and  omitting  m  Serpentis,  is  quite  straight  and 
conspicuous.  A  fourth  magnitude  star  10°  south  of  7  mlEirks  the 
direction  of  the  eastern  leg  of  Ophiuchus.  The  serpent  appears 
again  near  rj  Ophiuchus  and  can  be  traced,  but  not  as  plainly  as 
before,  by  the  stars  lettered  5,  C,  rf  and  ff  Serpentis.    Between  S 
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and  C  is  a  fourth  magnitude  star  lettered  r  Orphiuchi  marking  the 
other  hand.  These  constellations  illustrate  the  difficulties  under 
which  the  revisers  of  the  ancient  system  of  constellations  labored 
in  adapting  them  to  modem  needs.  It  would  have  been  simpler 
to  have  given  one  name  to  the  whole  area,  retaining  the  figures 
of  the  serpent  and  his  holder,  and  revised  the  letters  so  that  the 
same  letter  would  be  used  but  once.  Argelander's  division, 
adopted  in  these  articles,  does  not  agree  exactly  with  those  on 
Poole's  chart. 

South  of  the  zodiacal  group  in  this  division  are  three  constella- 
tions wholly  or  in  part  visible  in  the  United  States. 

Corvus,  This  is  a  small  but  conspicuous  constellation  south- 
west of  Spica,  and  readily  found.  It  consists  of  four  stars  form- 
ing a  quadrilateral  whose  sides  are  of  unequal  length.  South  of 
the  southwestern  star  is  a  fifth  star,  2^  distant  from  it,  much 
fainter  than  the  others  though  lettered  a. 

Centauras.  The  greater  part  of  this  constellation  is  below  the 
horizon  of  northern  observers  for  whom  these  articles  are  pre- 
pared. The  head  and  shoulders  however  can  be  seen,  the  former 
consisting  of  three  fourth  magnitude  stars  near  together,  and  the 
latter  marked  each  by  a  star,  the  one  of  the  second  and  the  other 
of  the  third  magnitude,  the  two  about  11*^  apart.  These  stars 
are  quite  plainly  seen  when  the  constellation  is  on  the  meridian. 
They  are  about  20°  southeast  of  Corvus.  Two  other  third 
magnitude  stars,  lettered  rf  and  C  as  given  on  the  chart,  may  also 
be  seen  as  far  north  as  latitude  40°  —  45°  under  specially  favor- 
able circumstances. 

Lupus.  This  constellation  also  is  mostly  concealed  from  north- 
em  observers.  Its  characteristic  figure  is  a  triangle  of  third 
magnitude  stars  in  south  declination  40°  — 47°.  Faint  stars 
seen  south  of  the  body  of  the  Scorpion  belong  to  the  northern 
part  of  this  area  in  which  the  head  of  the  Wolf  is  drawn. 

The  zodiacal  constellations  of  this  division  are  those  through 
which  the  Sun  passes  in  the  autumn,  and  are  therefore  south  of 
the  celestial  equator.  The  ecliptic  passes  near  Spica,  a  Librae  and 
/3  Scorpii,  and  through  the  southern  extension  of  Ophiucus,  which 
at  this  place  comes  between  the  zodiacal  constellations  Scorpio 
and  Sagittarius.  The  celestial  equator  passes  very  near  17,  y  and 
C  Virginis. 

The  constellations  of  this  division  are  favorably  situated  for 
study  in  the  evenings  of  spring  and  summer. 

The  following  table  gives  the  magnitudes  and  approximate 
positions  of  the  stars  in  each  group. 
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Approzimatb  Positions  op  the  Leading  Stars  in  the  Con- 
stbixations  between  xii**  and  xviii*'  right  ascension, 
Omitting  Circumpolar  Constellations. 


Coma  Bbrbnicbs. 

No  bright  Stars. 

Canbs  Vbnatici. 

ame. 

Magnitude. 

Right  Atoension. 

Declinatton. 

h. 

m. 

0 

/ 

12 

3» 

12 

51 

+  38 

51 

BodTBS. 

V 

2.9 

13 

50 

+  18 

54 

a 

0.0 

14 

II 

+  19 

^ 

ft 

3.6 

14 

H 

30 

48 

r 

3-1 

14 

28 

38 

44 

e 

2.6 

14 

41 

27 

30 

fi 

3.6 

14 

58 

40 

47 

d 

3.5 

15 

12 

+  33 

41 

« 

Corona  Borbalis. 

fi 

3.8 

15 

24 

+  29 

27 

a 

2.4 

>5 

30 

27 

3 

r 

4.a 

15 

39 

26 

37 

6 

4.6 

»5 

45 

26 

22 

B 

4.1 

15 

53 

+  27 

10 

Hbrculbs. 

T 

3-§ 

16 

17 

+  46 

33 

r 

3.8 

16 

17 

19 

23 

p 

2.8 

16 

26 

21 

42 

C 

3.1 

16 

38 

31 

46 

V 

3.7 

16 

40 

39 

6 

8 

4.0 

16 

56 

31 

4 

a 

3.2 

17 

10 

14 

31 

6 

3.3 

«7 

II 

^^ 

5! 

fC 

3.4 

17 

II 

36 

56 

ft 

4.0 

17 

20 

H 

15 

V 

3.9 

17 

37 

46 

3 

/* 

3.5 

17 

43 

+  27 

47 

Ophiuchus. 

6 

2.8 

16 

9 

-    3 

26 

8 

3-4 

16 

13 

-    4 

27 

c 

2.8 

16 

32 

—  10 

22 

X 

H 

16 

53 

+    9 

32 

? 

2.6 

'7 

.1 

-IS 

36 

3.4 

17 

-24 

5* 

a 

2.2 

17 

30 

t'\ 

38 

fi 

2.9 

17 

38 

36 

V 

3.5 

17 

54 

-    9 

45 

6 

3.9 

15 

30 

+  10 

53 

a 

ji 

IS 

39 

--    6 

44 

fi 

»5 

42 

+  15 

^ 

/* 

3.5 

IS 

^ 

7    3 

8 

e 

3.7 

15 

46 

+   4 

46 

V 

3-4 

18 

16 

—     2 

56 
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!• 

Name. 

Magnitude.      Sight  AMensioii. 

Dedination. 

ll 

m 

0 

# 

fi 

3-7 

II 

45 

+    2 

19 

V 

4.0 

12 

15 

—     0 

7 

^ 

2.8 

3.7 

12 
12 

37 
51 

—     0 

--   3 
--  II 

u 

9 

3-0 

12 

57 

? 

a 

1.2 

13 

20 

—  10 

C 

3.5 

13 

Libra 

30 

—   0 

5 

a 

3.0 

14 

45 

-15 

38 

fi 

2.7 

15 

12 

-    9 

I 

Scorpio. 

r 

32 

14 

58 

-24 

53 

X 

31 

«5 

53 

-25 

50 

6 

2-5 

15 

54 

—  22 

21 

^ 

4.0 

15 

59 

—  II 

6 

fl 

2.9 

16 

0 

-19 

33 

6 

3.0 

16 

15 

-25 

21 

a 

I.I 

16 

23 

-26 

13 

T 

2.9 

16 

30 

-28 

I 

9 

2.2 

16 

44 

-34 

5 

V 

2.8 

17 

24 

-37 

«3 

X 

1.7 

17 

27 

-37 

2 

6 

2.1 

17 

30 

-42 

56 

X 

2.6 

17 

36 

-38 

58 

C0RYU8. 

a 

4.3 

12 

3 

-24 

II 

e 

31 

12 

5 

—  22 

3 

r 

2.8 

12 

II 

-'7 

0 

d 

3.1 

12 

25 

-15 

58 

fi 

2.8 

12 

29 

—  22 

51 

Cbntaurus. 

X 

3.0 

«3 

15 

-36 

II 

\ 

2.7 

13 

49 

-46 

48 

1.7 

14 

I 

-35 

53 

V 

^•5 

14 

29 

-41 

44 

LUFIW. 

a 

2.6 

14 

35 

-46 

57 

fi 

2.8 

14 

^l 

-42 

44 

r 

3.2 

15 

28 

-40 

50 

YARIABLB  STASa 

J.  A.  PARKHUR8T. 

vn. 

A  number  of  amateurs  have  been  preparing  to  coSperate  in  the 
work  of  observing  variable  stars.  Some  have  already  b^^tm  and 
others  are  nearly  ready.    It  is  my  intention  to  use  this  space  for 
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the  publication  of  specimen  observationsi  the  diacttssion  of  points 
which  they  suggest,  hints  in  regard  to  methods,  and  whatever 
will  aid  the  observer  in  this  interesting  work.  To  this  end,  cor- 
respondence is  invited  from  all  who  are  engaged  in  such  observa- 
tions or  who  wish  to  undertake  them,  and  frequent  reports  are  re- 
quested in  regard  to  progress  in  the  work  or  any  difficulties 
which  may  arise.  It  is  hoped  that  no  one  will  refrain  from  report- 
ing for  fear  that  his  work  is  not  perfect,  for  perfection  in  this  line 
has  not  yet  been  attained. 

Mr.  W.  Dearden  of  Trinidad,  Colo.,  has  lately  received  a  9%- 
inch  reflector  with  driving  clock  and  circles,  from  the  works  of 
J.  A.  Brashear  at  AUegheney,  Pa.  He  has  been  perfecting  the  ad- 
justments of  the  instrument  and  has  begun  using  it  on  variable 
stars.  His  observations  of  the  recent  maximum  of  2815  U  Gemi- 
norum  will  be  mentioned  later.  Mr.  Dearden  writes :  "  It  seems 
to  me  that  it  takes  a  pretty  good  eye  and  lots  of  practice  to  ap- 
preciate eleven  steps  between  /and  b  in  the  U  Geminorum  group." 
This  point  is  worth  a  suggestion.  The  magnitudes  of  f  and  b 
according  to  BaxendctU  are  11.2  and  12.3.  As  stated  in  the  De- 
cember PopuLAJt  AsTSONOMT,  page  163,  the  value  of  a  step  for 
experienced  observers  is  generally  about  one  tenth  of  a  magni- 
tude, but  it  would  not  be  well  to  attempt  to  regulate  your  step 
value  by  any  such  arbitrary  quantity.  Let  your  own  eye  deter- 
mine what  your  personal  step  value  shall  be— don't  attempt  to 
see  through  another  man's  eyes.  Quite  likely  your  step  value 
will  be  two  or  three  tenths  of  a  magnitude  to  begin  with,  and 
gradually  and  unconsciously  grow  smaller  by  practice. 

Mr.  J.  D.  Devor  of  Elkhart,  Ind.,  has  had  a  low  power  eye-piece 
fitted  to  his  3-inch  refractor  and  expects  to  begin  work  before 
April  1.  He  writes:  "I  have  enlarged  about  a  dozen  of  your 
little  star  charts  in  the  Populak  Astronomy,  the  first  larger 
charts  I  enlarged  four  times,  and  the  smaller  nine  times."  A 
word  about  enlargements  and  the  scale  of  charts.  All  the  charts 
so  far  given,  except  those  in  the  December  number  and  the  en- 
largement for  2816  n  Geminorum  in  this  number,  are  on  the  same 
scale,  %-inch  to  I''  declination.  This  is  the  scale  of  Argelander's 
Durchmusterung  charts  and  will  generally  be  sufficient  for  use 
with  a  magnifying  power  of  20  to  40.  Where  the  stars  are 
crowded  or  the  variable  becomes  faint  it  is  often  an  advantage  to 
use  a  higher  power  after  the  field  has  become  familiar.  In  such  a 
case  the  scale  of  the  enlargement  should  be  adapted  to  the  power 
used.  If  a  power  of  25  is  used  with  the  original  charts,  a  two- 
fold enlargement  will  be  best  for  50,  a  four  fold  for  100,  etc. 
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Mr.  Dayid  Planery  of  Memphis,  Tenn.,  asks  for  an  illustration 
of  the  method  of  predicting  a  maximum  from  the  *'  elements  '' 
snch  as  the  following  (see  February  number,  p.  264) : 

107  T  Cassiopeia.    1871  March  31  +  445.0  E. 

I  failed  to  state  on  the  page  above  cited  that  the  length  of  pe- 
riod is  giyen  in  days.  In  practice  astronomers  compute  such  max- 
ima by  the  aid  of  the  "Julian  Period"  which  is  a  consecutive  num- 
bering of  the  days,  beginning  6607  years  ago.  The  following 
table  g^ves  the  Julian  number  of  the  first  day  of  each  month  for 
the  years  1891-97: 


1891   1892   1893   1894  ,  1895   1896   1897 

3926 
39S7 
398s 
4016 
4046 
4077 
4107 

4138 
4169 

4199 
4230 
4260 

The  first  three  figures  are  omitted  after  the  first  column  but  in 
use  must  be  prefixed  to  each.  By  the  aid  of  this  table  we  can 
calculate  the  maximum  of  T  Cassiopeise  as  follows— Chandler's 
Second  Catalogue  gives  the  Julian  date  of  1871,   March  31, 

240  4516. 

To  find  the  maximum  occurring  in  1894,  take  for  instance  from 
the  table  the  Julian  date  of  1894,  March  81  =  241  2919. 

The  interval  between  the  two  dates  is  8404  days,  which  divided 
by  the  length  of  period,  445  days,  gives  18  periods  and  394  days 
or  nearly  19  periods.  To  find  when  the  19  periods  will  be  com- 
pleted add  to  the  date  of  the  epoch  the  number  of  days  in  19 
periods- 
Epoch  =  240  4515 
19  X  445  =r         8466 


Jan.  I 
Feb.  I 

241 

1734 
1765 

Mar.  I 
April  I 
Ma  J  I 
Tunc  I 

1793 
1824 

;ii^ 

1915 
1946 

Ang.  I 

Sept.  I 

1977 

Oct.  1 

2038 

Nov.  I 

Dec.  I 

241 

2068 

Julian  Days. 

1892 

1893 

1894  , 

189s 

1896 

2099 

2465 

*!l^ 

3»9S 

35^ 

2130 

2496 

2861 

3226 

3S9I 

2159 

2S»4 

2889 

3*85 

3620 

2190 

2555 

2920 

36  J I 

2220 

2950 

3315 

3681 

2251 
2281 

2981 

3346 

37" 

2646 

301 1 

3376 

3742 

2312 
2343 

2672 
2708 

3042 
3073 

3407 
3458 
3468 

s 

2373 

2738 

3103 

3!l* 

2404 

2769 

3104 

3499 

386s 

2434 

2799 

3529 

3895 

241  2970  =  1894,  May  21. 

The  date  of  maximum  published  in  the  April  number,  p.  378,  is 
1894,  May  24.    Whether  the  difference  arises  from  a  misprint  or 
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the  use  of  a  different  set  of  elements  I  do  not  know,  as  the  editor 
does  not  give  his  authority  for  that  table. 


rtexima  of  2815.  U  Oemlnorum. 


iSm   nmr^ 


r 

'n 

>^ 

m 

s 

N 

• 

L 

Rf  1 

1                   Max.i8«3DK8o 

^ 

N 

I  give  this  month  an  enlarged  chart  for  2815  U  Geminorum, 
the  scale,  (1%  inches  =  1°  Decl.),  being  large  enough  to  show  the 
group  of  11  to  13  magnitude  stars  near  the  variable.  These 
comparison  stars  are  lettered  according  to  the  notation  of  Baxen- 
dail,  who  assigns  the  following  magnitudes:  a  =  8.6,  b  =  9.3, 
c  =  9.2,  d  =  10.3,  e  =  10.6,  /=-  11.2,  ^  =  12.3,  b  =  12.3, 
k  =  13.3,  /  =  13.7.  As  was  predicted  in  the  March  number, 
p.  318,  this  remarkable  variable  passed  a  maximum  in  March, 
and  famished  a  good  illustration  of  the  advantage  of  coopera- 
tion in  this  work.  After  looking  for  it  every  clear  evening 
since  Feb.  27, 1  found  it  bright  (9".7)  March  17,  7^  45".  It  had 
been  invisible  March  15,  and  March  16  was  cloudy.  The  question 
was— had  it  begun  its  rise  the  16th  ?  Fortunately  Mr.  Dearden 
at  Trinidad,  Colo.,  had  been  observing  the  locality  with  his  new 
9M  inch  reflector,  and  on  March  16th  had  not  seen  the  variable 
although  /  was  seen.  So  the  rise  from  below  13"  to  9".7  occu- 
pied less  than  24  hours,  at  the  rate  of  at  least  i™  per  hour.  I 
asked  Mr.  Dearden  for  a  copy  of  his  observations,  and  though  he 
had  not  begun  using  Argelander's  method  he  kindly  famished  the 
desired  report.    It  is  as  follows: 


1894  March  16 
18 

19 
20 
21 
22 
23 


u 

i 


U  not  seen. 

Not  qnite  as  bright  as  b  or  c,  estimated 
about  10  mag. 

ould  not  note  change. 
Sno'wing. 
Snowine. 

A  trifle  brifi:hter  than  b,  estimated  12  mag. 
A  little  above  k,  equal  to  z. 


These  observations  are  especially  valuable  for  locating  (in  con- 
nection with  mine)  the  time  of  the  sudden  rise,  so  although  Mr. 
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Dearden  did  not  see  the  yatiable  on  th^  16th,  his  observation  of 
that  date  is  yery  important. 
My  own  observations  are  as  follows : 

1894  March  17  7>»  45"  02  —  37,  f2  —  3d 

21  7  40  d2  —  $y,v4f 

23  8  o  /  4 1',  F I A 

26  8  20  i  3  F,  F  I  7 

Combining  the  two  sets  of  observations  gives  the  following 
magnitudes  of  the  variable,  expressed  in  terms  of  Baxendall's 
scale: 


Date 

Mac. 

March    16.5 

<    13 

'2-5 

9.7 

18.5 

9.5 

19.5 

9.5 

21.5 

10.5 

22.5 

"3 

23.5 

12.0 

26.5 

13.6 

The  light  curve  is  given  in  Fig.  2,  Mr.  Dearden's  observations 
being  indicated  by  crosses,  mine  by  dots.  It  will  be  interesting  to 
compare  this  curve  with  that  described  by  the  same  star  at  the 
preceding  maximum  in  December,  1893.  Fig.  1.  The  decline  in 
March  is  three  times  as  rapid  as  that  in  December.  In  the  figures 
the  magnitudes  are  given  in  the  vertical  column  at  the  left,  the 
dates  in  the  horizontal  line  at  the  top. 

A  maximum  of  this  star  is  predicted  for  1894,  May  17,  in  the 
April  number,  p.  378,  but  as  its  period  varies  from  two  to  five 
months,  little  dependence  can  be  placed  on  ^ch  a  prediction.  I 
should  be  glad  to  have  copies  of  any  other  observation  of  this 
past  maximum. 

Charts  are  also  given  for  3890  W  Leonis,  4300  X  Virginis  and 
6005  S  Draconis,  all  of  which  will  be  in  position  for  evening  ob- 
servations this  spring  and  summer,  and  of  which  observations 
are  needed.  3890  and  4300  were  discovered  by  the  late  Pro- 
fessor Peters  at  Litchfield  Observatory  of  Hamilton  College, 
and  the  charts  are  taken  from  his  splendid  series  of  charts.  The 
variability  of  3890  was  confirmed  by  Henry  M.  Parkhurst,  who 
found  the  elements : 

1872  Feb.  12  +  394  d.  3  E. 

According  to  these  elements  the  maximum  in  1893  was  due  Sept. 
16,  but  a  maximum  was  observed  by  Paul  S.  Yendell  1893,  April 
12.  The  elements  above  given  would  make  the  star  become  visi- 
blenext  September  Mr.  Yendell's  maximum  would  indicate  that  it 
might  become  visible  this  spring.  4  or  5  inches  aperture  will  be 
needed  to  deal  with  it. 
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The  other  Peters'  star,  4300,  has  not  been  carefully  observed 
and  its  period  is  uncertain.  It  is  3  mm.  preceeding,  20^  north  of 
the  4th  magnitude  star  o  (omicron)  Virginis.  March  23  it  was 
10.5  magnitude  so  that  3  inches  will  now^sho w  it  well.  There  is 
an  11.5  magnitude  star  2  seconds  following,  0^.4  north  of  the 
variable. 

6005  was  discovered  by  Espin  in  1 892  and  its  variability  con- 
firmed by  Yendell,  who  observed  a  minimum  1893,  July  7,  and  a 
maximum  1893,  Nov.  16.  Its  period  is  not  known.  Two  inchea 
aperture  will  suffice  to  observe  it. 

I  take  the  following  from  Chandler's  Second  Catalogue: 
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No. 

Star. 

Place  for  1900. 

1 

Magnitude. 

Period 

R.A. 

Dec. 

Max. 

Min. 

days 

3390 
4300 
6005 

WLeonb 
X  Virginis 
SDraconis 

h      m       • 

10  48     21 

11  56    44 
16    40    46 

• 
+  14     14.9 

+   9    37-7 

+  55     7'^ 

3.5 

9 
8—10 

7-3 

<  14 

12 

9.2 

394.3 
? 

? 

Mrs.  Fleming's  new  variable  in  Opbiuchus,  B.  D.  +  1^,  3417, 
(see  page  363)  is  brightening,  and  is  now  7™. 5. 
MiU5tBN60,  111.,  1894,  April  3. 


A  LESSON  IN  PARALLAX. 


ORRIN  B.  HARMON. 


A  short  time  ago  I  was  in  conversation  with  a  surveyor  con- 
cerning solar  eclipses.  In  the  coarse  of  our  talk,  I  remarked  to 
him  that  in  order  to  deduce  the  Moon^s  path  over  the  Sun's  disc, 
it  is  necessary  to  compute  the  Moon's  parallax  for  times  near  the 
beginning  and  ending  of  the  eclipse.  He  at  once  asked  me  what 
I  meant  by  "parallax." 

If  this  question  comes  from  one  whose  occupation  is  essentially 
mathematical  in  its  nature,  how  much  more  likely  is  it  to  be 
asked  by  those  whose  business  is  less  closely  related  to  the  math 
ematics. 

Indeed,  I  think  it  is  not  asserting  too  much  to  say  that  there 
are  many  intelligent  people,  and  among  them  surveyors  and 
teachers,  who  have  not  a  clear  idea  of  the  meaning  of  parallax. 
Called  by  some  other  name,  they  might  know  what  it  is.  In  fact, 
there  is  scarcely  a  term  used  in  astronomical  science  whose  mean- 
ing is  more  clearly  illustrated  by  every  day  experience  than  this 
one.  The  surveyor  uses  it  whenever  he  computes  the  distance  of 
an  inaceessible  object,  and  we  all  see  it  illustrated  in  our  walks 
along  the  street  or  through  the  field.  To  explain  the  principle  of 
parallax,  I  will  present  a  diagram  in  which  the  idea  can  be  car- 
ried out  in  the  school  room,  at  home,  on  the  playground,  and  in 
many  other  places : 

This  figure  represents  a  room,  with  a  window  whose  sides  are 
mn.  On  the  side  opposite  the  window,  at  A,  stands  a  boy,  and 
between  him  and  the  window  stand  two  other  boys,  B  and  C 
who  arein  a  line  with  A  and  the  center  of  the  window  D. 
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Now  A  sees  B  and  C  in  a  line  at  right  angles  to  the  side  of  the 
room  where  he  stands. 

Snppose  a  fourth  boy  placed  at  O,  the  corner  of  the  room,  and 
on  the  same  side  with  A.  How  do  B  and  C  appear  to  O  ?  They 
are  not  in  a  line  with  him  as  they  are  with  the  boy  at  A.  Nor 
does  either  of  them  appear  in  a  line  at  right  angles  to  the  side 
E  O.  C  has  shifted  his  position  so  that  he  appears  beyond  the 
window  at  c;  and  B  appears  in  line  with  the  opposite  comer  at  b. 

Their  directions  have  changed. 
How  much  is  this  change  of 
direction?  C  has  changed 
from  a  right  angle  by  the  an- 
gle COH;  and  B  by  the  angle 
BOH.  Which  has  changed  the 
most?  You  at  once  answer, 
the  nearer  one  B. 

Now,  this  change  of  direc- 
tion, caused  by  shifting  the 
view  from  A  to  O,  is  the  par- 
allax of  B  and  C,  with  respect 
to  the  line  AO.  B's  parallax 
is  the  angle  BOH,  or  its  equal  ABO ;  and  C's  parallax  is  the  angle 
COH,  or  its  equal  ACO. 

Notice  also  that  B,  the  nearer  one  has  the  larger  parallax.  The 
greater  the  distance  the  smaller  the  parallax;  and  this  is  true 
whether  the  distances  of  B  and  C  be  taken  from  either  A  or  O. 

It  follows  that  if  we  know  the  length  of  AO  and  the  change  of 

'  direction  of  B  or  C,  as  seen  from  the  extremities  of  the  line,  the 

triangle  having  the  vertex  B  or  C  can  be  constructed.    Put  in  an 

algebraic  expression,  if  p  =  the  parallax,  a  the  length  of  AO,  and 

d  the  distance  BO,  or  CO,  then  d  sin  p  =  a, 

or  a  =  — ; , 

smp 

where  the  abbreviation  ''  sin  "  denotes  the  sine  of  the  parallax. 

So  the  problem  of  determining  the  distance  of  a  heavenly  body 
an  easy  one,  when  once  the  parallax  is  known. 

In  locating  the  position  of  the  heavenly  bodies,  the  Earth's 
center  is  taken  as  a  standard  point.  It  would  seem,  then,  that  the 
direction  of  a  heavenly  body  should  change,  when  our  point  of 
view  is  changed  from  the  Earth's  center  to  the  surface  of  the 
Earth.  If  we  take  a  station  on  the  Earth's  surface  where  the 
Moon's  center  is  in  the  horizon,  that  is  when  she  is  either  rising 
or  setting,  and  imagine  a  line  to  join  our  station  with  the  Moon's 
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center,  this  line  will  be  perpendicolar  to  a  plnmb  line,  or  the 
Earth's  radins.  This,  of  course,  supposes  the  Earth  to  be  a  per- 
fect sphere.  In  this  case  the  Earth's  radins  becomes  the  base  line, 
AO  with  the  boy  at  A,  to  use  onr  diagram.  If  we  conld  change 
onr  position  to  the  Earth's  center,  we  wonld  see  the  Moon  (if  she 
could  be  seen)  with  the  boy  at  O,  and  her  direction  would  be 
changed  by  an  angle  varying  from  53'  to  61',  depending  on  the 
Moon's  distance  from  the  Earth.  The  same  thing  would  happen 
with  the  Sun  or  planets,  only  the  change  of  direction  would  be 
very  much  smaller  on  account  of  their  greater  distances. 

When  a  heavenly  body  is  on  the  horizon,  its  parallax  is  then 
called  its  horizontal  parallax,  and  is  the  greatest  parallax  it  can 
have.  At  any  altitude,  except  in  the  zenith,  there  is  always  some 
parallax  with  the  Sun,  Moon  and  planets.  In  the  zenith,  the 
parallax  is  zero  with  respect  to  an  observer,  because  he  stands  in 
a  straight  line  joining  the  heavenly  body  with  the  Earth's  center. 

So  immensely  distant  are  the  fixed  stars,  that  they  defy  any 
measurement  of  parallax  from  any  points  on  the  Earth's  surface. 
The  diameter  of  the  Earth's  orbit  affords  a  base  line,  from  whose 
extremities,  at  intervals  of  six  months,  the  astronomer  can  at- 
tempt the  measurement  of  stellar  parallax.  But  even  a  base  line 
of  185,000,000  miles,  appears  so  small  seen  from  the  nearest 
fixed  star,  that  it  is  only  by  the  most  refined  methods  astrono- 
mers have  succeeded  in  measuring  the  parallax  of  the  nearest 
fixed  stars. 

In  practical  astronomical  work,  the  Moon's  parallax  is  an  im- 
portant element.  In  any  calculation  involving  the  Moon's  posi- 
tion in  the  heavens  with  respect  to  an  observer  on  the  Earth,  her 
parallax  is  an  annoying  visitor,  and,  like  Banquo's  ghost,  will 
not  down.  For  the  purpose  of  showing  the  difference  between 
the  parallaxes  of  the  Sun  and  Moon,  I  will  cite  a  few  facts  related 
to  recent  solar  eclipses. 

In  the  recent  eclipse  of  October  9,  1893,  the  magnitude  of  the 
eclipse  at  Seattle,  Wcishington,  was  .29,  with  a  duration  of  2"^  4". 
At  Spokane  in  the  eastern  part  of  the  state  the  magnitude  was 
.22  with  a  duration  of  l**  51'°.  Seattle  and  Spokane  are  about 
225  miles  apart ;  and  we  see  that  in  this  change  of  225  miles 
eastward  from  Seattle,  the  eclipse  lost  .07  of  its  magnitude. 
Taking  Seattle  as  our  starting  point,  the  eclipse  must  lose  .29  of 
its  magnitude  in  order  to  fail  entirely.  At  the  rate  of  loss  as* 
above  stated,  we  would  have  to  go  about  900  miles  eastward 
from  Seattle,  for  the  magnitude  to  become  zero.  This  brings  us 
to  the  western  part  of  North  Dakota.    In  fact,  the  eastern  limit 
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of  the  eclipse  in  the  United  States  was  defineti  by  a  line  running 
from  the  northwest  comer  of  North  Dakota  to  Savannah,  Geor- 
gia.  The  loss  or  gain  of  magnitude  is  not  always  proportional 
to  the  distance  and  1  do  not  pretend  to  give  it  as  a  governing 
law.    But  in  this  case  it  is  approximately  correct. 

In  the  eclipse  of  October  20th,  1892,  the  western  limit  was 
marked  by  a  line  running  from  Northwestern  California  to  the 
Gulf  of  Tehauntepec. 

If,  therefore,  we  take  our  station  at  the  western  extremity  of 
the  boundary  line  between  California  and  Oregon,  we  are  where 
the  eclipse  is  zero.  Changing  our  station  to  Portland,  Oregon, 
the  magnitude  of  the  eclipse  becomes  .08  and  the  duration  1^ 
10™;  and  going  to  Albany,  New  York,  we  find  the  magnitude  0.6 
and  the  duration  3  hours. 

Now,  what  causes  these  variations  of  magnitude  and  dura- 
tion? Clearly,  it  is  the  Moon's  parallax;  and  this  changes  for 
every  place  of  observation.  Not  only  does  her  parallax  affect  the 
magnitude  and  duration  of  a  solar  eclipse,  but  also  the  course  of 
her  path  across  the  Sun's  disc.  This  path  is  different,  for  differ- 
ent places;  and  hence  a  calculation  of  phases  is  necessary  for  each 
location  of  the  observer. 

Another  very  beautiful  illustration  of  the  Moon's  parallax  in 
solar  eclipses  is  afforded  by  the  eclipse  limits  on  the  meridian 
where  the  eclipse  is  central  at  noon.  In  every  total  or  annular 
eclipse,  there  is  always  some  place  where  the  axis  of  the  shadow 
lies  in  the  plane  of  the  meridian.  At  such  a  point  the  axis  passes 
through  the  eye  of  the  observer  when  both  the  Sun  and  Moon 
are  on  the  meridian, and  there  we  have  **  central  eclipse  at  noon." 
The  observer  at  this  place  sees  the  eclipse  at  its  greatest  magni- 
tude; and  if  the  eclipse  is  annular,  the  annulus  appears  in  full 
splendor. 

Having  found  the  place  of  "central  eclipse  at  noon,"  it  is  evi- 
dent that  if  we  travel  south  of  this  point,  there  will  be  some 
place  where  the  eclipse  fails.  At  such  a  place  the  Moon  appears 
just  north  of  the  Sun ;  for  in  virtue  of  her  parallax,  she  appears 
to  move  in  a  direction  opposite  to  that  in  which  we  are  travel- 
ling. 

In  like  manner,  there  is  a  place  north  of  the  point  of  the  central 
eclipse  where  the  eclipse  fails ;  and  there  the  Moon  appears  to  be 
just  south  of  the  Sun.  ♦ 

For  example,  in  the  solar  eclipse  of  June  16,  1890,  the  eclipse 
was  central  at  noon  in  latitude  36^  40^  N.  and  longitude  30^  31^ 
E.    This  place  is  in  the  southern  part  of  Asia  Minor.    Here,  at 
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the  instant  of  apparent  noon,  the  observer  wonld  have  stood  in 
line  with  the  axis  of  the  shadow.  At  the  same  instant,  an  obser- 
ver, in  latitude  75*^  24/  N.  and  on  the  meridian  of  the  central 
eclipse,  wonld  have  seen  the  Sun  and  Moon  in  contact,  the  Moon 
bdng  soatb  of  the  Snn ;  while  an  observer  in  latitude  3^  53'  N. 
and  on  the  meridian  of  the  central  eclipse  would  also  have  seen 
the  Sun  and  Moon  in  contact,  the  Moon  being  north  of  the  Sun. 
Between  these  limits  the  eclipse  had  all  degrees  of  magnitude. 

In  lunar  eclipses  there  is  no  variation  of  magnitude  and  dura- 
tion for  different  places.    Why  ? 

Because,  in  lunar  eclipses,  the  Moon  actually  passes  into  the 
Barth's  shadow ;  and  whatever  change  in  direction  the  Moon 
may  undergo  by  being  seen  from  different  stations,  the  shadow 
undei^oes  the  same  change.  Hence,  the  Moon  retains  the  same 
position  relative  to  the  shadow  whatever  may  be  the  location  of 
the  observer.  To  return  to  our  diagram.  A  ball  in  the  middle 
of  the  window  at  D,  appears  just  the  same  with  respect  to  the 
vrindow,  seen  from  any  part  of  the  room.  So  a  spot  on  the  Sun, 
at  the  same  instant,  has  the  same  position  on  the  Sun's  disc, 
whether  seen  from  London  or  San  Francisco.  But  the  Moon 
being  nearly  4fOO  times  nearer  to  us  than  the  Sun,  shifts  her  posi- 
tion with  reference  to  the  Sun  for  every  station  of  observation. 
Hence  the  astronomer's  vision  of  parallaxes  in  solar  eclipses. 

CHBHAI.IS,  Lemis  County,  Wash. 


STAR  CLrUSTERS. 


ROOBR  SPRAGUB. 


Among  the  many  good  things  that  have  already  appeared  in 
Popular  Astronomy  I  have  found  but  few  which  interested  me 
more  than  Dr.  Swift's  "Suggestions  to  Amateurs."  When  I  ob- 
tained the  April  number,  the  first  thing  which  I  turned  to,  after 
finishing  Mr.  Bumham's  paper  on  double  star  orbits,  was  the 
article  on  "  Nebulse  and  Clusters:"  A  good  deal  of  originality  is 
shown  in  the  list  of  objects  given,  and  I  shall  certainly  examine 
Nos.  4  and  7  of  said  list  at  my  earliest  opportunity.  But  while 
I  gained  some  new  ideas,  by  reading  Dr.  Swift's  article,  I  saw 
room  for  further  remarks  in  the  same  line,  and  have  accordingly 
prepared  a  brief  list  of  clusters  with  which  that  much-advised 
individual,  the  amateur,  could  make  himself  familiar  to  good  ad- 
vantage. 
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No.  1.  7^  14°>  —  24^  44^  This  cannot  be  enjoyed  with  a  tele- 
scope  of  less  than  8  inches  aperture.  I  picked  it  tip  accidentally 
with  the  8-inch  at  Napa,  Cal.,  while  trying  to  catch  the  beantiful 
double  star  in  7^  11"  —  23°  5^  It  consists  of  a  brilliant  star 
(magpaitude  5.4)  surronnded  by  a  small  flock  of  faint  ones.  The 
bright  central  star  is  followed  by  two  faint  companions  at  dis- 
tances of  8'^  and  15^^.  There  was  never  any  difficulty  in  seeiiag 
these  with  the  8-inch,  and  they  added  much  to  the  interest  with 
which  visitors  viewed  the  object,  but  with  our  6-inch  I  am 
scarcely  able  to  do  anything  with  them. 

No.  2.  7^  36™  —  14°  32^  This  is  a  truly  beautiful  object,  and 
is  especially  interesting  on  account  of  a  small  nebula  which  is  here 
seen  with  the  stars  as  a  background.  This  beautiful  contrasting 
of  star-cluster  and  nebula  makes  this  object  specially  valuable  to 
one  who  is  teaching  a  class  in  general  astronomy.  An  8-inch 
telescope,  such  as  the  high  schools  of  Fall  River,  Mass.,  and  Oak- 
land, Cal.,  possess,  brings  out  this  object  splendidly,  but  with  a 
smaller  glass,  a  careful  adaptation  of  magnifying  power  to  aper- 
ture  is  necessary  in  order  that  visitors  may  see  the  nebula  at  all. 
I  find  that  a  power  of  100  diameters  on  our  6-inch  shows  it  well. 

No.  3.  15^  12"  +  2°  32'.  M  5.  A  gorgeous  object,  comparable 
in  beauty  with  the  cluster  in  Hercules,  M  13.  It  is  of  about  the 
same  brightness  as  the  latter,  being  faintly  visible  to  the  naked 
eye.  As  it  is  about  half  way  between  Arcturus  and  the  upper 
part  of  Scorpio,  and  is  on  a  line  with  two  stars  to  the  west  of  it 
(109  and  t  Virgiuis),  it  can  be  readily  found  again  after  having 
been  once  located. 

No.  4.  17^  46«  —  34°  47^  M  7.  Visible  to  the  naked  eye. 
With  the  8-inch  refractor  of  Napa  College  Observatory,  this  was 
a  favorite  object  among  visitors,  partly  on  account  of  its  bril- 
liancy. It  is  as  bright  to  the  naked  eye  as  the  Praesepe,  and  much 
more  attractive  in  the  telescope.  It  contains  some  60  stars.  A 
low  power  is  necessary  in  viewing  it,  as  it  requires  a  field  of  40'. 

No.  5.  17^57»  — 24°2r.  Visible  to  the  naked  eye.  This  is  in 
the  constellation  of  Sagittarius  and  is  one  of  the  most  interesting 
objects  in  the  whole  sky  on  account  of  the  intermingling  of  stars 
and  nebulosity.  We  see  in  the  field  of  view  a  bright  nebulous 
mass  which  is  intersected  by  several  dark  channels,  and  is  fol- 
lowed by  a  coarsely  scattered  star  cluster. 

The  objects  mentioned  in  the  above  list  are  not  much  inferior 
for  interest  and  beauty  to  those  given  by  Dr.  Swift.  Nor  does 
this  list  contain  any  of  those  time-worn  and  hackneyed  objects 
towards  which  the  telescope  of  any  Observatory  is  usually  di- 
rected on  a  public  night. 
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Dr.  Swift  mentions  the  famons  cluster  in  Hercules.  This  re- 
quires a  rather  higher  power  than  most  faint  objects  in  order 
that  it  may  be  well  seen.  I  have  found  a  power  of  25  diameters 
to  the  inch  of  aperture  (200  for  an  8-inch)  to  give  the  best  results 
provided  the  altitude  of  the  object  w€is  high.  Many  amateurs, 
and  some  professional  astronomers  as  well,  fall  into  the  habit  of 
doing  all  tlieir  star-gazing  with  one  eyepiece,  whereas  a  careful 
adaptation  of  magnifying  power  to  object  examined  is  as  impor- 
tant in  this  sort  of  work  as  in  any  other.  Four  eyepieces,  giving 
powers  of  from  7  to  25  diameters  per  inch  of  aperture,  should  be 
kept  on  hand  for  this  sort  of  work.  When  any  object  is  examined, 
it  will  be  found  that  one  of  them  will  give  a  more  pleasing  view 
than  any  of  the  others. 

Dr.  Swift  calls  the  cluster  in  Hercules  one  of  the  six  visible  to 
;the  naked  eye.  This  number  seemed  to  me  to  be  a  mistake  and  I 
have  examined  the  matter  sufficiently  to  find  eight  which  can  be 
seen  by  observers  in  the  northern  hemisphere,  not  to  speak  of 
others,  as  a?  Centauri,  which  are  reserved  for  southern  observers. 
These  eight  are ;— M  5,  M  7,  M  8,  M  13,  Praesepe,  Pleiades,  clus- 
ters in  sword  handle  of  Perseus,  and  a  cluster  in  Argo  Navis 

Chambbrlin  Obsbrvatory, 
Denver,  April  7,  1894. 


THB  BTHBR  AND  GRAVITATION. 


BY  W.  H.  8.  MONCK. 

The  question  whether  gravitation  is  propagated  by  means  of 
the  ether  which  (so  far  as  we  know)  occupies  all  space  is  one  of 
no  slight  interest.  The  contrary— the  instantaneous  propagation 
of  gravity— is  supposed  to  be  established  on  mathematical 
grounds.  I  plead  guilty  to  never  having  studied  Laplace's  proof 
of  the  great  rapidity  of  its  transmission.  But  I  always  hesitate 
to  accept  a  statement  that  some  great  mathematician  has 
proved  this  or  that  in  astronomy.  I  know  enough  of  mathe- 
matics to  be  aware  that  pure  mathematics  can  throw  no  light 
on  such  a  subject.  There  must  be  physical  data  to  start  from  or 
else  we  cannot  make  any  progress  at  all.  I  also  know  enough  of 
astronomy  to  be  able  to  say  that  all  our  data  have  been  greatly 
improved  since  Laplace's  time,  and  therefore  without  questioning 
the  accuracy  of  his  mathematics   I  think  I  may  entertain  a 
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reasonable  doubt  as  to  the  correctness  of  his  conclusions.  I  may 
illustrate  this  by  Professor  Darwin's  theory  of  the  moon  and  the 
earth.  The  whole  of  his  mathematical  computation  rests  on  the 
assumption  that  the  earth  possessed  a  particular  degree  of 
viscosity  at  the  time.  What  evidence  have  we  that  it  really 
possessed  this  degree  of  viscosity  ? 

Sir  Robert  Ball's  argument  on  the  Ice  Age  strikes  me  as  even 
more  objectionable.  He  shows  that  when  the  Earth's  orbit  was 
more  eccentric  the  total  amount  of  solar  heat  was  much  more 
unequally  distributed  between  summer  and  winter  than  at 
present.  But  instead  of  proving  that  this  unequal  distribution  of 
heat  would  produce  a  permanent  ice-cap  he  takes  it  for  granted 
that  it  would  do  so — or  else  assumes  that  Dr.  CroU's  reasonings 
are  satisfactory,  which  I  think  they  are  not.  We  could,  I  believe, 
reproduce  the  Ice  Age  at  any  moment  if  we  could  prevent  our 
northern  latitudes  from  receiving  heat  (by  water  or  air)  from 
the  equatorial  regions.  But  greater  inequality  of  temperature 
would  only  produce  stronger  currents  to  and  from  the  Equator. 

So  far  my  objections  are  of  rather  an  abstract  character  and 
aim  only  at  dispelling  that  unreasoning  faith  in  supposed  mathe- 
matical results  which  many  astronomers  entertain.  But  it 
seems  to  me  that  the  theory  of  the  instantaneous  propagation  of 
gravity  has  led  to  results  which  observation  does  not  bear  out 
except  on  the  unproved  hypothesis  of  undiscovered  perturbing 
bodies.  The  motions  of  the  Moon  do  not  exactly  conform  to  the 
present  gravitation  theory.  Those  of  Mercury  are  even  more 
astray.  Periodic  comets  often  depart  both  as  regards  the  date  of 
arrival  and  the  orbit  from  the  predictions  of  astronomers ;  and 
in  the  case  of  variable  stars  of  the  Algol  type — eclipse  stars — ^the 
present  gravitation  theory  is  rarely  found  to  work  satisfactorily 
without  supposing  a  disturbance  from  some  unknown  cause. 
These  last  are  the  kind  of  cases  which  afford  the  best  test  of  the 
instantaneous  theory,  for  if  there  is  a  time  propagation  the  varia- 
tion in  the  direction  of  the  acting  force  will  as  a  rule  be  greatest 
when  the  revolution  is  most  rapid.  For  this  reason  Mercury  is 
the  most  likely  body  in  the  solar  system  to  exhibit  traces  of  time- 
propagation,  excepting  perhaps  some  of  the  inner  satellites  of  the 
planets.  The  most  probable  mode  of  solving  the  problem  how- 
ever will  be  by  means  of  careful  observations  on  variables  of  the 
Algol  type  and  spectroscopic  double  stars  like  /^Aurigae  and  Spica 
Yirginis. 

I  may  perhaps  remark  that  Sir  Isaac  Newton  believed  that 
gravity  acted  through  a  medium  from  which  its  time-propaga- 


Digitized  by 


Google 


Newton^s  Comet.  411 


tion  follows  almost  as  a  matter  of  course.  Subsequent  research 
seems  to  have  proved  that  a  medium  apparently  suited  for  the 
purpose  reall;  exists.  I  hope  some  able  mathematician  will  com- 
pute the  eflFect  of  this  time-propagation  on  the  orbit  of  a  binary 
star.  We  should  of  course  remember  that  neither  member  of  the 
pair  is  in  the  place  where  we  see  it.  We  see  it  where  it  was 
several  years  ago.  As  regards  Mercury  the  matter  rests  on  a 
somewhat  diflFercnt  footing.  No  doubt  we  do  not  see  Mercury 
and  the  Sun  at  the  same  moment,  but  the  difference  in  time  is  in- 
considerable. We  do  not  see  the  Sun  where  it  is  but  where  it  was 
a  little  more  than  eight  minutes  ago.  Gravity  unless  propagated 
in  time  is  never  directed  towards  the  center  of  the  visible  Sun. 

One  of  my  reasons  for  thinking  that  gravity  is  propagated  in 
time  is  that  collisions  among  the  heavenly  bodies  occur  so  rarely, 
and  that  these  bodies  have  not  by  this  time  been  congregated 
into  a  comparatively  small  number  of  large  masses.  Collisions 
do  not  occur,  I  apprehend,  because  gravity  never  acts  in  the  line 
joining  the  centres  of  gravity  of  two  moving  objects.  The  pull  is 
not  towards  the  place  which  the  attracting  body  occupies  now, 
but  towards  that  which  it  occupied  some  time  previously.  For 
this  reason  even  a  very  slow  original  motion  at  right  angles  to  the 
joining  line  might  suffice  to  avert  a  collision. 


NEWTON'S  COMET. 


JOHN  B.  WOOD. 


There  are  but  four  curves  of  motion  admissible  under  the  oper- 
ation of  the  principle  of  gravitation.  These  are  the  circle,  the  el- 
lipse, the  parabola  and  the  hyperbola,  as  proven  by  Sir  Isaac 
Newton. 

Theory  had  reached  this  conclusion  before  the  comet  of  1680, 
which  is  also  known  as  Newton's  Comet.  Being  of  large  size  and 
visible  for  more  than  three  months  it  quite  naturally  attracted 
attention,  while  its  motions  as  observed  by  astronomers,  had 
all  the  effect  of  an  experiment  which  had  been  arranged  to  prove 
the  Newtonian  doctrine.  Great  must  have  been  the  influence  of 
this  apparition  upon  the  minds  of  astronomers,  while  holding 
pause  over  the  gravitation  philosophy  of  Newton. 

According  to  a  determination  of  the  orbit  made  by  Encke  we 
are  enabled  to  represent  it  after  the  following  manner.  Our  scale 
of  distance  id  one  inch  for  the  radius  of  the  Earth's  orbit  treated 
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as  a  circle.  We  select  wire  one>hundredth  of  an  inch  thick,  to 
make  a  model  of  the  comet's  path,  the  outside  of  the  wire  being 
the  line  of  its  motion.  Our  ellipse  will  be  over  seventy  feet  meas- 
ured lengthways  but  not  five  inches  across  its  width.  The  Sun 
would  be  at  one  end  of  the  line  of  length,  in  the  substance  of  the 
wire. 

When  the  comet  was  nearest  the  Sun  it  had  been  falling  to  it  for 
some  4300  years  in  its  real  curve,  having  the  shape  of  our  exces- 
sively elongated  wire  ellipse.  It  can  be  seen  that  the  solar  pull  for 
most  of  the  time  was  almost  as  if  the  line  of  approach  were  a 
straight  one  pointed  for  the  solar  center.  Its  velocity  therefore 
was  almost  entirely  due  to  the  accumulated  pulls  exerted  from 
second  to  second  for  this  long  time.  The  speed  at  perihelion  was 
over  327  miles  a  second.  In  aphelion  the  rate  of  motion  will  be 
less  than  16  feet  in  the  same  time. 

From  this  supposed  model  two  lessons  can  be  learned.  That 
astronomers  should  not  agree  as  to  whether  an  orbit  is  a  para- 
bola or  an  ellipse  or  as  to  whether  it  is  an  ellipse  of  one  length  or 
another,  will  no  longer  seem  a  reproach  to  them ;  for  only  in  the 
very  small  part  of  the  curve  near  the  Sun,  say  at  the  most  some 
five  inches  on  our  scale,  is  the  comet  visible.  And  as  absolute  ac- 
curacy in  the  places  of  the  comet  is  unattainable  the  real  depar- 
ture from  the  supposed  curve  may  be  of  such  nature  as  to  change 
the  magnitude  and  even  the  character  of  the  curve. 

Also,  as  the  time  of  revolution  depends  on  the  long  axis,  a  very 
small  error  near  by  may  count  for  very  m  uch  out  in  space.  So  that 
instead  of  a  short  period  we  may  really  be  dealing  with  a  very 
long  one.  Or  perhaps,  contrary  to  prediction,  the  comet  may 
move  in  a  parabola  and  never  return. 

This  is  seen  in  the  case  of  our  comet.  One  estimate  makes  its 
time  some  8700  years.  According  to  Halley,  Newton's  Comet  is 
to  be  identified  with  that  of  about  43  B.  C.  of  531  A.  D.  and  of 
1106,  A.  D.  which  would  make  its  period  some  574  years.  Pro- 
fessor Mitchell  observes  concerning  it  that  a  parabolic  orbit  fit- 
ted the  observations  and  that  its  period  was  nearly  six  hundred 
years. 


THE  CARB  OP  THE  TELESCOPE.* 


As  a  valuable  and  delicate  instrument  the  telescope  demands, 
and  should  receive,  the  most  solicitous  care.    In  particular  does 
*  Prom  the  Amateur  Tdescopist's  Hand-book  by  Prank  M.  Gibson. 
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the  object  glass  reqtiire  the  most  tender  treatment.  It  should  be 
kept  covered  with  its  cap  whenever  it  is  not  in  actual  use;  the 
dew-cap  shonld  never  be  forgotten ;  and  the  glass  should  never  be 
brought  from  a  cold  into  a  warm  atmosphere  without  first  cov- 
ering it  to  prevent  its  becoming  bedewed.  If  the  damp  gets  be- 
tween the  glasses  it  vdll  produce  a  fog— a  sweat,  in  optician's 
language— and,  according  to  Proctor,  even  a  seaweed-like  vegeta- 
tion, by  which  a  valuable  glass  may  be  ruined.  Should  any 
moisture  unluckily  get  upon  the  object  glass,  the  telescope  must 
be  put  in  a  warm  place  until  the  enemy  has  fled. 

When  it  is  necessary  to  clean  the  object  glass— and  it  should 
only  be  touched  when  cleaning  is  necessary— a  soft  camd's-hair 
brush  should  first  be  used  for  removing  the  coiirser  particles  of 
dust,  which  may  be  followed  by  a  very  careful  sweeping  with 
either  a  piece  of  very  fine  clean  chamois-skin,  or,  better  still,  an 
old  soft  silk  handkerchief.  Mr.  Franks  recommends  soft  tissue 
paper  aided  by  the  breath.  A  little  space  near  the  edge  of  the 
glass  is  first  cleaned,  and  from  that  point  the  dust  is  gently  swept 
away.  But  let  it  be  noted  that  a  few  specks  of  dust  are  of  much 
less  moment  than  irremediable  scratches,  and  polished  optical 
glass  scratches  very  easily.  Slyould  any  "  refractory  stains  "  get 
upon  the  object  glass,  they  may  be  removed  by  a  few  drops  of 
alcohol  on  perfectly  clean  absorbent  cotton ;  but,  as  Mr.  Cham- 
bers dryly  observes,  a  careful  observer  will  never  allow  any  re- 
fractory stains  to  get  upon  his  object  glass.  Should  fine  dust 
ever  cake,  as  it  sometimes  will,  upon  the  glass,  breathe  on  it  and 
wipe  very  gently  from  the  edges  v^th  a  soft  cloth,  which  is  then 
thrown  away.  This  may  sound  alarming,  but  it  is  the  precept 
of  no  less  high  an  authority  than  Sir  Howard  Grubb. 

Bveiything  used  for  cleaning  lenses  should  be  kept  in  a  tightly 
closed  box  when  not  in  use,  to  preserve  it  from  dust. 

Never  touch  the  polished  surface  of  any  lens  with  your  fingers. 
The  insensible  perspiration,  always  present  in  small  quantities, 
appears  to  have  a  corroding  efiect  upon  optical  glass,  and  will 
destroy  its  polish. 

All  of  the  forgoing  remarks  as  to  cleaning  lenses  apply  to  eye- 
pieces as  well  as  to  object  glasses.  Particularly  must  it  be  re- 
membered that  every  scratch  or  speck  on  the  field  glass  of  a  neg- 
ative eyepiece  will  appear  in  a  magnified  form  on  looking  through 
the  eyeglass.  Eyepieces  should  be  kept,  when  not  in  use,  in  a 
dust-tight  box ;  one  provided  with  compartments  is  by  far  the 
best. 

Under  no  circumstances  should  the  two  glasses  composing  the 
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objective  be  separated  or  taken  oat  of  their  cell  by  the  amatear. 
Shoald  circumstances  make  it  necessary  to  separate  them,  let  it 
be  done  by  the  maker  or  by  a  competent  optician :  otherwise  the 
glass  may  be  rendered  worthless.  Another  rule,  with  an  example 
is  given  by  Mr.  Proctor,  which  I  will  qnote  in  his  own  vigorous 
language:  ''Suffer  no  inexperienced  person  to  deal  with  your 
object  glass.  I  knew  a  valuable  glass  ruined  by  the  proceedings 
of  a  workman  who  had  been  told  to  attach  three  pieces  of  brass 
round  the  cell  of  the  double  lens.  What  he  had  done  remained 
unknown;  but  ever  after  a  wretched  glare  of  light  surrounded 
all  objects  of  any  brilliancy." 

Should  the  brass-work  of  the  telescope  or  stand  become  duU  or 
dirty,  it  may  be  cleansed  with  a  piece  of  chamois-skin  moistened 
with  sweet-oil.  Care  should  be  taken  in  cleaning  an  equatorial 
stand,  not  to  press  hard  upon  the  circles  lest  they  be  bent  out  of 
"true."  For  protecting  bright  metal  surfaces  from  oxidation, 
and  also  for  lubricating  purposes,  ordinary  vaseline  is  by  far  the 
best  preparation,  as  it  is  free  from  the  gumminess  which  is  apt  to 
attach  to  common  oils. 


METEORS  AND  STELI^AR  SCINTILLATION. 


S.  B.  CHRISTIAN. 


It  seems  to  me  that  stellar  scintillation  is  largely  caused  by  oc- 
cultations  of  the  stars  by  small  meteoric  bodies  passing  between 
them  and  ourselves. 

Lord  Rayleigh  in  his  excellent  article  on  this  subject  admits 
that  it  is  difficult  to  see  how  that  atmospheric  disturbances  could 
take  place  suddenly  enough  to  produce  such  sudden  results. 

The  opposite  temperatures  of  the  atmosphere  producing  no  dif- 
ference in  scintillation  seems  to  be  another  difficulty  in  the  theory 
of  "atmospheric  disturbances." 

Both  of  these  difficulties  are  easily  overcome  when  we  consider 
scintillations  to  be  only  momentary  occuliations  of  the  stars  by 
opaque  bodies  revolving  either  around  the  Sun  or  around  the 
Barth  outside  of  the  atmosphere. 

Of  course  if  we  account  for  it  in  this  way  it  is  necessary  to  ad- 
mit of  almost  inconceivable  numbers  of  these  bodies  continually 
passing  between  ourselves  and  the  stars :  but  in  the  light  of  recent 
investigation  such  an  admission  is  quite  easy. 

Sufficient  numbers  of  these  bodies,  once  admitted,  it  is  easy  to 
see  what  results  would  follow ;  momentary  occultations  precisely 
such  as  we  see  in  scintillations  would  really  be  unavoidable. 
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I  think  it  is  qaite  probable  that  immense  swarms  of  these  small 
bodies  continaally  revolve  around  the  Earth  at  no  very  great 
distance  from  the  atmosphere  or  at  least  inside  of  the  orbit  of  the 
Moon.  Immense  swarms  of  them  we  know,  revolve  aronnd  the 
Snn,  and  as  we  see  the  satellites  revolving  around  the  planets, 
corresponding  to  the  planetary  revolutions  around  the  Sun,  we 
see  no  good  cause  why  these  swarms  of  meteors  should  not  also 
have  their  corresponding  swarms  revolving  around  the  planets. 
In  fact  we  really  know  this  to  be  the  case  in  regard  to  Saturn. 
Why  not  then  use  ancdogy  again  to  prove  that  other  planets  have 
or  at  least  may  have,  corresponding  swarms,  though  of  course  of 
more  tenuity  than  those  of  Saturn.  Telescopes  of  course  could 
never  render  them  visible  and  our  only  means  of  becoming  sensi- 
ble of  their  presence  there  would  be  the  momentary  occultations 
that  they  would  cause  in  the  tiny  points  of  light  Irom  the  stars^ 
produdrg  scintillations. 

It  is  not  necessary,  however,  we  think,  to  show  that  these 
bodieareally  revolve  around  the  Earth  to  produce  this  phenom- 
ena—sufficient  numbers  revolving  around  the  Sun  would  be  suffi- 
cient— even  bodies  outside  of  the  solar  system  would  produce  the 
same  effect  if  sufficiently  large.  The  increase  in  the  scintillations 
of  stars  near  the  horizon  seems  to  show  that  the  cause,  what- 
ever it  may  be,  is  situated,  at  least  in  part,  at  no  very  great  dis- 
tance from  the  Earth.  It  might  be  possible  however  to  account 
for  this  differently,  as  very  small  bodies  might  cause  many  par- 
tial occultations  that  would  only  be  noticeable  under  certain 
favorable  conditions  offered  near  the  horizon.  What  seems  to 
offer  more  proof  of  these  partial  occultations  is  the  increase  in 
the  scintillation  of  stars  when  viewed  through  a  good  glass.  I 
think  this  is  because  many  partial  occultations  that  are  not 
noticeable  by  the  naked  eye  become  apparent  when  viewed 
through  a  good  ^lass. 

The  difference  in  scintillation  between  different  stars,  although 
hard  to  reconcile  with  any  theory,  is  somewhat  accounted  for 
by  this  theory,  from  the  fact  that  although  the  stars  being  mere 
points  of  light  have  no  apparent  disk,  yet  theoretically  it  wonld 
certainly  be  easier  to  raise  a  disk  on  some  of  them  than  it  would 
on  others,  so  that  a  small  body  that  would  be  sufficient  to 
totally  occult  some  of  them  would  only  partially  occult  others. 

Before  closing  I  would  say  that  some  information  might  be 
gained  by  a  careful  observation  of  stars  when  in  the  immediate 
neighborhood  of  the  planets.  If  any  increase  could  be  found  in 
their  scintillation  there  it  would  evidently  be  the  result  of 
metoric  bodies  revolving  around  the  planets.  However  the  small 
size  of  these  bodies  might  not  be  sufficient  at  that  distance  to 
produce  any  perceptible  occultations,  even  if  their  close  prox- 
imity to  the  planets  should  not  interfere  with  a  proper  observa- 
tion. However  I  think  it  would  pay  to  try,  and  if  any  one  should 
do  so  I  would  be  pleased  to  hear  the  result. 
OCBANA,  W.  Ya. 
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PLrANBT  NOTES  FOR  JUNE. 


H    C.  WILSON. 


Mercury  will  be  "evening  star"  during  June.  On  the  22d  he  will  be  at  his 
greatest  distance  (elongation)  east  from  the  Sun,  and  will  set  aboot  an  hoar  and 
a  half  later  than  that  body.  This  month  will  be  a  good  time  both  for  daylight 
and  evening  observations  of  this  planet.  Its  phase  will  be  gibbous  during  the 
first  half  and  crescent  during  the  last  half  of  the  month.  The  moon  will  pass  by 
Mercury  on  the  evening  of  June  4,  conjunction  in  right  ascension  occurring  at 
tO^»  32"  central  time. 

Venos  vdll  be  '* morning  star''  rising  about  two  hours  before  the  Sun.  She 
is  getting  around  toward  the  farther  side  of  her  orbit  so  that  her  brightness  is 
decreasing  considerably.  At  the  same  time  her  phase  is  becoming  more  ^bbous. 
At  the  beginnine  of  the  month  0.67  and  at  the  end  0.76  of  her  disc  win  be  illum- 
inated. 

Considerable  has  been  said  lately  about  the  dark  part  of  the  disc  of  Venus  be- 
ing visible,  just  as  the  dark  part  of  the  new  Moon  is  visible.  Several  observers 
daim  to  have  seen  the  complete  outline  of  Venus'  disc  a  few  days  before  she  dis- 
appeared in  the  rays  of  the  Sun  this  past  winter,  when  her  crescent  was  very 
narrow.  We  may  say,  I  think,  that  this  visibility  is  not  from  the  same  cause 
that  renders  the  dark  part  of  the  moon  visible,  viz.:  reflected  earthshine.  Venus 
is  more  than  100  times  as  far  as  the  Moon  from  the  Barth  and  therefore  would 
receive  less  than  the  ten-thousandth  part  of  the  light  thrown  upon  the  Moon. 
The  most  probable  explanation  is  that  Venus  has  a  dense  atmosphere,  possibly 
more  extensive  than  that  of  the  Barth,  so  that  her  twilight  is  longer,  and  extends 
far  enough  into  the  dark  hemisphere  to  become  visible  from  the  Barth  as  a  com- 
plete ring  of  light  when  the  crescent  of  direct  illumination  is  small.  The  observer 
discerning  the  outline  of  the  dark  part  of  the  planet,  by  this  faint  ring,  would 
naturally  have  the  impression  of  seeing  it  all. 

Afars  will  be  at  quadrature,  90^  west  from  the  Sun,  June  17i  and  will  be  in 
position  to  be  observed  after  midnight  during  this  month.  Mars  will  move 
northeast  during  June,  from  Aquarius  across  a  little  comer  of  Pisces  into  Cetus. 
The  phase  of  the  planet  will  be  smaller  this  month  than  at  any  other  time  in  the 
year,  only  0.84  of  the  disc  being  illuminated.  Mars  will  be  in  conjunction  with 
the  Moon,  about  3^  south  of  the  latter,  48"*  after  midnight,  June  25. 

Jupiter  and  Neptune  are  not  to  be  seen  during  Jun^. 

Saturn  is  making  the  turn  of  the  loop  in  his  apparent  path  among  the  stars 
of  Virgo.  He  vdll  begin  to  move  eastward  after  June  21.  The  amateur  should 
not  fail  to  make  the  most  of  these  summer  months  in  the  study  of  this  planet. 
The  surface  markings  on  so  bright  a  planet  are  almost  as  likely  to  be  seen  with  a 
small  telescope  as  with  a  large  one.  The  Moon  wiQ  pass  by  Saturn,  4^  south 
of  the  latter,  June  12,  at  2^  41»  p.  m.  central  time. 

Uranus  will  be  in  his  most  convenient  situation  for  observation  during  June, 
being  near  the  meridian  during  the  evening  hours.  He  ought  to  be  easily  found 
by  means  of  stars  a  and  /i  Librae  (see  Poole  Bros.  map).  Look  about  t^  30^  west 
and  30'  north,  i.  e.,  3  diameters  of  the  Moon  west  and  1  diameter  north,  of  a,  for 
a  star  with  a  dull  green  disc  a  little  brighter  than  the  star  /i. 
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[The  timet  slTen  are  local  time  for  Northiield.  To  obtain  Standard  Timet  for  Placet 
In  approxlmatdT  the  tame  latitude,  add  the  dllference  between  Standard  and  Irocal 
Time  it  wett  of  the  Standard  Meridian  or  tnbtract  If  eatt]. 

MBRCURY. 

Date.                S.A.                  Decl.                Rltet.  Trantltt.  Sett. 

189^              hm                o/             hm  hm  hm 

June      6. 6  12.1       +26  31         5  19  a.m.  115.3  p.m.  9  11p.m. 

15 7  20.7       +23  47         5  68    "  1  44.4    "  9  31    " 

25 8  06.7       4-20  21         6  21     '•  1  50.0    •'  9  19    " 

VBNUS. 

June      5 2  04.5       +10  13         2  24  a.m.  9  08.3  a.m.  3  53  p.  m. 

15 2  48.2       +13  4,9         2  13    *'  9  12.6    "  4  12    " 

25 3  33.9       + 17  01         2  05    "  9  18.8    "  4  32    " 

MARS. 

Jane      5 23  20.7       -    6  51       12  49  a.m.  6  25.0  a.m.  12  01p.m. 

15 23  46,6       -     4  26       12  24    "  6  10.5    "  11  56  A,  M. 

26 0  09.6       -     2  03       12  00    "  5  55.2    "  11  50    •' 

JUPITBR. 

June      5 4  61.5       +  22  03         4  17  a.m.  11  65.0  a.m.  7  83  p.m. 

15 5  01.4       +  22  19         3  46    •'  11  25.5     "  7  04    " 

25 6  11.2       +22  32         3  16    "  10  56.0     "  6  36    " 

SATURN. 

Jane      5 13  12.7       -    4  60         2  30  p.  M.  8  14.7  P.  M.  1  69  A.  M. 

16. 13  12.0       -    4  49         1  50     ••  7  34.7    "  1  19    " 

26 18  11.9       -    4  51          1  11     "  6  55.8    "  12  40    " 

URANUS. 

Jane      6 14  38.8       -  15  04         4  88  p.  M.  9  40.6  p.  M.  2  43  A.  M. 

15 14  87.7       -  14  69         3  57    "  9  00. 1    "  2  03    " 

25 14  36.7       - 14  55         3  17     "  8  19.9    "  1  23    " 

NBPTUNB. 

Jane      6 4  48.4       +20  58         4  20  a.m.  1151.9  a.m.  7  24p.m 

16 4  49.9       +  21  01         3  42    "  11  14.2    "  6  67    " 

26 4  61.5       +21  04         3  04    "  10  36.3    "  6  09    " 

THB8UN. 

Jane      5 4  64.9       +  22  37         4  17  a.  m.  11  58.8  a.  M.  7  40  P.  M. 

16 6  86.3       +23  21         4  15    "  12  00.3  p.m.  7  46    '' 

26 6  17.9       +  23  23         4  17    "  12  02.4    "  7  48    " 

THB  MOON. 

Jane      2 3  26.6       +  22  32         2  64  a.  m.  10  41.0  A.  M.  6  45  P.  M- 

4. 6  41.3       +28  19         4  19    '*  12  48.4  p.m.  (9  22    *' 

6 8  01.7       +26  22         6  41    "  3  00.6    **  11  06    " 

8 10  03.7       +15  22         9  27    "  4  54.5    "  12  05  a.m. 

10 11  47.0       +    2  31       12  00  M  6  29.6    "  12  45    " 

12 13  22.8       -  10  09         2  21  P.  M.  7  57.2    "  1  21    " 

14 15  01.3       -  20  37         4  40    "  9  27.8    "  2  06    " 

16 16  48.8       -  27  04         6  56    "  11  06.5    "  8  13    " 

18 18  40.3       -  28  08         8  49    "  12  60.8  a.  m.  4  64    « 

20 20  27.6       -  23  43       10  05    "  2  28.5    "  6  59    " 

22 22  06.1       - 16  04       10  56    "  3  58.9    "  9  12    " 

24. 28  36.0       -    3  46       11  82    "  5  21.7    "  11  24    " 

27 109.0       +8  36       12  07  a.m.  6  46.5    '*  141p.m. 

29. 2  55.4       +20  13       12  50    "  8  24.8    "  4  16    " 


Occtiltatioiui  Yiaible  at  Wa«hingtan> 

IMMBRSION  BMBRSION 

Date  Star't  Manii*    Wathln^-    An|rie      Wathln^-  Angle 

1894  Name.  tnde.     ton k. t.  TmN p't.  ton M. t.  f *tNp't.  Duration. 

Jane  16   3  ScorpiL 7        7   ft       150        8   «      267         1   (S 
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Blong^tioiui  of  the  Satellites  of  Satnm* 

[111  the  dlasram  the  points  markM  0  are  those  of  eastern  elongation  of  the  sereral 
satellites,  r  Their  positions  at  interrals  of  one  day  after  eastern  elongation  are  indicated 
by  the  symbols  Id,  2d,  etc]. 


MIMAS. 

ENCELADUS  Cont. 

DIONB  Cont. 

h 

h 

h 

Jane    2 

12.3  ▲.  M. 

W 

June  11 

9.1   A.   M. 

E 

June 

15        5.1    A.    M. 

B 

2 

10.9  P.  K. 

W 

12 

6.0    P.   M. 

E 

18    10.8  A.  M. 

B 

8 

9.5      " 

W 

14 

2.9   A.    M. 

E 

21      4.5      " 

B 

4 

8.1      " 

W 

15 

11.8      " 

E 

23    10.1  p.  M. 

B 

5 

ft.7      " 

W 

16 

8.7  P.  M. 

E 

26      3.8      •' 

B 

6 

4  3      •* 

W 

18 

5.5   A.    M. 

E 

29      9.5  A.  K. 

B 

7 

2.9      " 

W 

19 

2.4  p.  K. 

E 

8 

1.5      " 

W 

20 

11.3       " 

E 

RHEA. 

9 

1.9   A.    M. 

£ 

22 

8.2   A.    M. 

E 

10 

12.5      " 

E 

23 

5.1  p.  M. 

E 

June 

5      5.9  A.  M. 

B 

10 

11.1   P.   U. 

E 

25 

1.9   A.   M. 

E 

9      6.3  p.  M. 

B 

11 

9.8      " 

E 

26 

10.8      " 

E 

14      6.7  A.  M. 

B 

12 

8.4      " 

E 

27 

7.7  p.  M. 

E 

18      7.0  P.  M. 

B 

13 

7.0      " 

E 

29 

4.6   A.    K. 

E 

23      7.4  A.  K. 

B 

14 

5.6      " 

E 

30 

1.5  p.   M. 

E 

27      7.8  P.  M. 

E 

15 

4.2      " 

E 

16 

2.8      •' 

E 

TETHYS. 

TITAN. 

18 

12.8  ▲.  M. 

W 

18 

11.4  P.   M. 

W 

June    2 

11.5  p.  M. 

B 

June 

3      7.0  P.  M. 

I 

19 

10.0     '• 

W 

•^          4 

8.8      •• 

E 

7      9.9      " 

W 

20 

8.6      " 

W 

6 

6.0      •* 

E 

12    12.4  A.  M. 

s 

21 

7.2      " 

W 

8 

3.3      '• 

E 

15     7.4  p.  M. 

E 

22 

6.8      " 

W 

10 

12.6      " 

E 

19      5.1      " 

I 

23 

4.4      " 

W 

12 

9.9   A.   M. 

B 

23      8.0      " 

W 

24 

3.0      " 

W 

14 

7.2      *' 

E 

27    10.5      " 

s 

26 

1.6      " 

W 

16 

4.5      " 

E 

26 

11.7      " 

E 

18 

1.8      •* 

E 

HYPERION. 

27 
28 

10.3      " 
8.9      " 

E 
E 

19 
21 

11.1  P.  .11. 
8.4      " 

E 
E 

June 

3      5.8  P.  M. 

B 

29 

7.5      " 

E 

23 

5.7      *' 

E 

10      2.0  A.  M. 

I 

30      6.1      " 
ENCBLADUS. 

E 

25 
27 
29 

3.0      •« 
12.3 

9.6   A.   M. 

B 
E 
E 

Jaiy 

15      8.7      " 
19      6.2  P.  M. 
24    11.6      " 
1       8.9  A.   M. 

W 
8 
E 

I 

Jtme    1 

7.0  P.  M. 

B 

DIONB. 

•^          3 

3.9   A.   M. 

E 

lAPBTUS. 

4 

12.7  P.  M. 

E 

June    2 

12.7   A.   M. 

E 

5 

9.6       " 

E 

4 

6.4  p.  M. 

E 

May 

17      4.3  P.  M. 

W 

7 

6.6   A.   M. 

E 

7 

12.1      " 

E 

June 

6      3.7  A.  u. 

s 

8 

3.4  P.  M. 

B 

10 

5.8   A.   M. 

E 

26      4.0  P.  M. 

B 

10 

12.2   A.   M. 

E 

12 

11.4  P.   M. 

B 

July 

14      5.3      " 

I 
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Blon^^tloiis  of  the  Satellites  of  Uraniui. 

rThe  diacnun  shows  the  appMrent  paths  of  the  satellites  of  Uranus  daring  the  summer 
of  1894.  The  black  dots  with  the  numerals  indicate  the  positions  of  the  satellites  at  in- 
terrals  of  1  day  after  eadi  northern  elongation.  The  points  marked  0  ax«  those  of  north- 
ern dongatlon  J 

ARIEL. 


Jtmc 


Jtinc 


Jtmc 


2 
5 
7 
10 
12 
16 
17 
20 
22 
26 
27 
30 


6.0  P.  M. 
6.6  ▲.  M. 
6.0  P.  M. 
6  4  A.  M. 
6.9  p.  M. 
7.4  ▲.  M. 
7.9  p.  M. 
8.4  ▲.  M. 
8.9  p.  M. 
9.3  ▲.  M. 
9.8  P.  M. 
10.3  A.  M. 


UMBRIBL. 


1 
6 
10 
14 
18 
22 
26 
30 


h 
9.8  P 

12.4  A 
3.9 
7.3 

10.8 
2.8  P.  M 
68    " 
9.2    " 


« 


TITANIA. 


2 

6 
11 
16 
19 
24 
28 


h 

7.3  A.  M. 

3.8  p.  M. 
12.2  A.  M. 

8.7    " 

6.2  P.  M. 

1.6  a.m. 
10.2    " 


N 
N 
N 
N 
N 
N 
K 
N 
N 
N 
N 
N 


N 
N 
N 
N 
N 
N 
N 
N 


N 
S 
N 
S 
N 
S 
N 


OBBROK. 


June  3 
10 
16 


h 

8.3  A.  M. 
1.9    " 
7.6  p.  ic 


S 
N 
8 


OBBRON  CONT. 
h 

1.2  p.m. 
6.8  A.  M. 


June  23 
30 


N 
S 


Maxima  and  Minima  of  Yariable  Stare. 


[Prom  ephemerides  br  Dr.  TiOtrwj  in  the  "  Companion  to  the  Obserratory/'  and  by  T>r, 
Hartwig  in  the  *«  VlerWAhrsschrift  der  Astronomische  Oesellsbhaft*'.] 

Maxima 

Maxima 

Minima 

June   1 

R  Leonis 

June  19    RLyrae 

Jtinc   4 

R  Yirginit 

1 

W  Hydra 

19    S  Camdoimrdi 

4 

RLyne 

2 

8  Aqnarii 

19    SLibne 

6 

R  Volpecals 
VCcphd 

2 

22    RLyncis 

6 

3 

VCoronae 

23    XBo5t]8 

9 

R  Draconis 

3 

RCygni 

23    VBodtis 

13 

X  Libra 

6 

RScnti 

24   RCassiopeifle 

13 

WHercnlis 

6 

R  AquiUe 

26    RTCygni 

14 

UPifldum 

7 
8 

RSagittae 
SBodtis 

26    SPegan 
26    VLibiw 

16 
20 

XCygni 
TAquarii 

12 

ZCjgax 

29    ZUhnt 

21 

S  Ganinomm 

13 

UHcrcalis 

30    U  Geminomtn 

22 

XOphiachi 

17 

VCancri 

% 

23 

R  Hydra 

17 

U  Monocerotis 

29 

SVnlpeciila 
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Minima  of  Variable  Stars  of  the  Alg^l  Type. 

[Giren  to  the  neareat  hoar  in  Central  Standard  Time.] 


u  c 

fePHEI. 

U  OPHIUCHI  CONT. 

Y  CYGNI  CoNT. 

h 

h 

h 

June    2 

12  m. 

June    3 

4  A.M. 

June  15 

11  A 

L.    M. 

4, 

12  midn. 

3 

12  midn. 

16 

Up 

.  M. 

8 

12  m. 

4 

8  p.m. 

18 

11  A 

.  M. 

10 

12  midn. 

5 

4    " 

19 

Up 

.  M. 

13 

11  A.  M. 

6 

12      M. 

21 

11  A 

.  M. 

15 

11  P.  M. 

7 

8  a.m. 

22 

111 

.M. 

18 

11  A.  M. 

8 

5    " 

24 

11  A.  M. 

20 

11  P.  M. 

9 

1     " 

25 

Up 

.M. 

23 

11  A.M. 

9 

9  p.m. 

27 

11  i 

..  M. 

25 

11  P.  M. 

10 

'  5    " 

28 

Up 

.M. 

28 

10  A.  M. 

11 

1     " 

30 

11  A 

.M. 

30 

10  P.  M. 

12 

0  A.  M. 

S  ANTLLE. 

S  CANCRI. 

13 
14 

5     •* 

(Bverjr  third  minimnm.) 

June    9 
18 

lU  A.  M. 

9  P.M. 

14 
15 

10  p.m. 
6     " 

June    1 
2 

11  A 

10 

.M. 

28 

9  a.m. 

16 
17 

2     " 

10  A.  M. 

3 

9 

dJABRM. 

4 

9 

June    2 

8  a.m. 

18 

6     ** 

5 

8 

4 

3  p.m. 

19 

2     " 

6 

7 

6 

11  " 

19 

10  P.  M. 

7 

7 

9 

7  a.m. 

20 

7    " 

8 

6 

11 

3  p.m. 

21 

3    •' 

9 

5 

13 

11    " 

22 

11  A.  M. 

10 

5 

16 

7  a.m. 

23 

7     " 

11 

4 

18 

2  p.m. 

24 

3     " 

12 

3 

20 

10     " 

24 

11  P.  M. 

13 

3 

23 

6  a.m. 

25 

7     " 

14 

2 

25 

2  p.  M. 

26 

4    " 

15 

1 

27 

10     " 

27 

12    M. 

16 

1 

30 

6  a.m. 

28 

8  a.m. 

17 

12  midn. 

U    CORONA. 

29 

4    " 

17 

Up 

.  M. 

June    1 
5 

7  p.m. 
6  a.m. 

29 
30 

12  midn. 
8  p.m. 

18 
19 
20 

11 

10 

9 

tt 

8 

5  p.m. 

Y  CYGNI. 

21 

9 

II 

12 

4  a.m. 

June    1 
3 

12  midn. 

22 

8 

(1 

15 

3  p.m. 

12     M. 

23 

7 

i« 

19 

2  a.m. 

4 

12  midn. 

24 

7 

(1 

22 

12  m. 

6 

11  A.  M. 

25 

6 

II 

25 

11  p.  M. 

7 

11  P.  M. 

26 

5 

CI 

29 

10  a.m. 

9 

11  A.  M. 

27 

5 

II 

U  OPHIUCHI. 

10 

11  P.  M. 

28 

4 

11 

June    1 

12  m. 

12 

11  A.  M. 

29 

3 

it 

•^          2 

8  a.m. 

13 

11  P.  M. 

30 

3 

II 

Phaaea  and  Aspects  of  the  Moon. 

Ceotral  Time, 

d  h   m 

New  Moon Jtme    3  4  56  p.  M. 

Perigee "      4  11  40  p.  m. 

First  Quarter "    10  7  14  a.  m. 

Pun  Moon "    18  1  06  A.  M. 

Apogee "    20  4  50  a.  m. 

Last  Quarter "    26  4  03  a.  m. 
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COMBT  NOTES. 


DitooTtry  of  a  New  Comet  («  1894,  Denning).— A  tdegram  from  Mr.  John 
Rttdue,  Jr.,  Boston,  Marcb  28,  annomiced  the  diecoYeiy  of  a  faint  comet  bj  Mr. 
W.  P.  Denning  of  Bristol,  Bngland,  the  following  being  the  discoyery  position : 

Maitih  26.396  Gr.  M.  T.    R.  A.9J»66".    Dcd.  +  32«>  15'. 

The  comet  was  observed  at  Northfield  on  the  erening  of  March  28,  and  fonnd 
to  be  a  Tcry  small  object,  yety  difficult  to  see  in  the  6-inch  finder,  bnt  easily  seen 
and  measured  with  the  16-inch  telescope.  It  had  a  well  defined  nndens  of  the 
11th  magnitude,  with  nebulosity  surrounding  it  between  1'  and  2^  in  diameter. 
It  had  a  short,  slightly  spreading  tail,  2^  or  3'  long.  From  our  own  obsenrations 
on  the  dates  March  28,  April  1,  and  April  6,  we  haye  computed  the  following  par- 
abolic elements  of  the  comet's  orbit : 

Time  of  perihelion  =  1894  Feb.  14.1900  Greenwich  mean  time. 

*  =  Longitude  of  perihelion  =  133®  26'  16") 

Q  =  Longitude  of  node  =    75    34    12   V  Mean  equinox  1894.0 

i  =  Inclination  =      6    31    06  ) 

q  =  Perihdton  distance         =  1.22497. 

These  elements  do  not  represent  the  middle  place,  the  observation  of  April  1, 
with  a  sufficient  deg^ree  of  accuracy,  the  outstanding  residuals  being  -f  8''  in  long- 
itude and  4"  26''  in  latitude.  These  residuals  cannot  be  reduced  on  any  assump- 
tion of  a  parabolic  orbit,  and  it  may  be  presumed  that  the  orbit  will  turn  out  to 
be  an  ellipse  of  comparatively  short  period. 

As  the  comet  is  growing  rapidly  fainter  it  is  not  probable  that  those  using 
small  telescopes  will  see  it.  We  therefore  give  the  following  ephemeris  only  to 
indicate  approximately  the  course  of  the  comet  and  its  increasing  distance  from 
us.  Its  path  among  the  stars  during  April  and  May,  is  shown  upon  Poole  Bros' 
Map  in  this  number. 

BPHBMBRIS  OP  COMBT  B  1894. 

R.  A.  Decl.  log /I  logr  Br. 


Mar. 

28 

10 

02 

24 

Apr. 

5 

10 

28 

36 
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A  New  Comet  Discovered  in  Australia.— A  telegram  from  Mr.  John  Ritchie  April 
6  announced  the  discovety  of  a  comet  by  Mr.  Gale  at  Sydney,  Australia.  The 
discovery  position  was : 

April  2.944  Gr.  M.  T.    R.  A.  2*  80-  48«;  Decl.  —  65°  36'. 

The  motion  is  easterly.  The  comet  is  described  as  round  with  a  bright  con- 
densation. This  comet  is  too  far  south  to  be  visible  at  any  of  the  northern  Ob- 
servatories.   

A  Comet's  Tail  Discovered  by  Holmes.— Another  telegram  received  April  11, 
announces  the  discovery  of  a  bright  comet's  tail  by  Holmes  April  9.  Its  approxi- 
mate R.  A.  and  Ded.  were  17*»  68»  and  +  71*^  SO'. 
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Ephemerii  of  Tempel't  Second  Periodic  Comet  (1873  11) — Mr.  L.  Scbulhof  gives 
an  epbemeris  of  tbis  comet,  in  Astronomiscbe  Nacbricbten,  No.  3219,  for  tbe 
montb  Maj  19  to  Jtme  16.    Tbe  elements  used  are  as  follows : 

Bpocb  and  osculation:  1894,  April  25.0  Paris  mean  time. 
M=      0°    16'    27"  ^=36<'26'34" 

ir  =  306     14     22      ]  ;<  =  679''.860 

Q=121     10     02      \    1894.0       log  a  =  0.478392 
i=    12     44     20      j 

At  tbe  time  of  tbe  last  observation  of  tbis  comet  in  1878  its  brigbtness  was 
•omewbat  less  tban  tbat  wbich  it  sbould  be  tbeoreticallj  during  tbis  montb.  It 
is  tberefore  to  be  boped  tbat  tbe  comet  will  be  found  at  tbis  apparition. 

BPHBliBRlS. 

R.A.  1 

h  m  s  o 

May    19          o  18  39           —  2 

20  21  43  2 

21  34  46  2 

22  37  4^  2 

23  30  50  2 

24  33  50  I 

25  36  50  I 

26  39  49  I 

27  42  47  I 

28  45  44  1 

29  48  40  I 

30  51  35  o 

31  54  30  o 
June      1           o    57  24  o 

2  I    00    16  o 

3  I    03    07  0 


4  05  58  —  o 

5  08  48  +0 

6  II  37  o 

7  14  25  o 

8  17  II  o 

9  19  56  o 

10  22  41  o 

11  25  25  o 

12  28  08  I 
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0.21611 
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0.21552 
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32.3 

0.21492 

0.179 

41.0 

49.6 

0.21432 

58.0 

06.3 

0.21371 

0.177 

14.4 

22.4 

0.21309 

30.2 

37.9 

0.21246 

0.174 

13  30  50  I 

14  33  31  I 

15  36  II  I 

16  I    38  49  +1 

Mr.  Scbulbof  says  tbat  tbe  uncertainty  of  tbe  time  of  peribelion  passage  can 
not  be  more  tban  ±  2  days.  Sbould  tbis  occur  two  days  early  the  R.  A.  of  tbe 
comet  would  be  increased  3"*  35*  May  15  and  2^  55'  June  16,  and  tbe  declina- 
tion would  be  increased  lO'  May  15  and  11'  June  16.  If  tbe  peribelion  pas- 
sage sbould  be  2  days  later  tban  calculated  tbe  R.  A.  would  be  decreased  3*" 
43*  May  15  and  and  3"  02*  June  16,  and  tbe  Decl.  decreased  lO'  May  15  and  11' 
June  16.  Tbe  observer  searching  for  tbe  comet  may  need  to  sweep  over  a 
space  20'  wide,  extending  1^  each  way,  east  and  west,  from  tbe  predicted  place  of 
the  comet.  

Comet  b  1894  (Gale).— Prom  Science  Observer  Circular  No.  105,  we  take 
tbe  following:— A  later  message  received  April  15,  contained  tbe  elements  as  given 
below,  which  were  computed  by  Kreutz.  Prom  these  an  ephemeris  has  been  com- 
puted by  tbe  Rev.  G.  M.  Searle,  wbich  b  given  below. 
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Bl^MBNTS. 

T  =  1894  April  13.82  Greenwich  M.  T. 

w  =  824<'     18') 

Q  =  206         9  VMean  Bq.  1894.0 

i  ="^87       24) 

q  =  .9866 

Bphbmbris  for  Grbbnwich  Midnioht. 

R.  A.  DecL  Light, 

h          m  8           ^ 

April  28       7  14  40  -27       35       6.47 

May    2       8         6  28  -  11       36 

6       8  47  32  +    2       44 

10       9  21  0+16       16       3.21 
Light,  April  2=1. 

The  object  aonotinced  as  a  new,  bright  comet,  by  Holmes,  in  the  position,  R. 
A.  17^  58",  Ded,  +  71**  30^,  proves  not  to  have  been  a  comet. 


The  comet  discovered  by  Denning  on  March  26  was  observed  here  the  next 
night,  March  27,  8  honrs  76  Meridian  time,  in  approximate  position,  R.  A.  9^ 
58"  +  31®  29^.  It  was  an  easy  object  in  the  10-inch  refractor,  having  a  very 
small  bnt  sharply  defined  nndens,  so  dose  to  the  edge  of  the  nebnlosity  that  it 
was  somewhat  doabtfal  at  first  sight  whether  it  belonged  to  the  comet  or  was  a 
star.  A  few  minntes  watching  showed  that  it  was  a  part  of  the  comet.  From  the 
stellar  nndens  extended  a  short,  broad  fan-shaped  tail.  Many  fruitless  searches 
were  made  here  for  the  bright  comet  reported  to  be  discovered  by  Holmes,  of 
England  on  April  9.  As  neither  direction  or  rate  of  motion  were  given  in  the 
announcement,  a  large  region  of  the  sky  in  the  place  indicated  was  swept  over 
nntil  it  became  evident  that  some  mistake  had  been  made  by  Mr.  Holmes,  and 
this,  I  have  just  learned,  was  really  the  case.  This  experience  emphasises  once 
more  the  importance  of  alwmja  aacerUdaiag  motion  beyond  the  possibility  of  a 
doubt  before  making  a  public  announcement.  If  this  is  not  possible  at  dis- 
covery, then  the  suspected  comet  should  be  telegraphed  to  some  leading  observa- 
tory, preferably  to  Harvard  by  American  observers,  with  instruction  to  with 
hold  the  public  announcement  until  verified  by  the  observation  of  motion,  either 
at  the  observatory  so  notified,  or  by  the  discoverer  himself.  This  simple  precau- 
tion vrould  often  save  the  very  considerable  expenditure  of  a  worid  wide 
aiinouncement,  and  what  is  often  of  far  greater  importance,  the  waste  of  many 
hours  of  Taluabk  time.    To  all  of  us,  at  times,  a  clear  nigbt  is  abore  riches. 

WHJLJAM  R.  BROOKS. 

Smith  Observatory,  Geneva,  N.  Y.,  April  18, 1894. 


A  man  wdghing  12  stone  on  the  Earth  would,  if  transported  to  the  surface 
of  the  Sun,  weigh  no  less  the  than  two  tons  I  and  would  be  wholly  unable  to  sus- 
tain his  own  weight.  A  certain  insect  which  posscMes  enormous  muscular  power 
in  proportion  to  its  wdght  might  be  able  to  move  about  with  much  difficulty; 
but  all  the  larger  animals  wbuldat  once  be  deprived  of  thdr  powers  of  locomotion. 
A  projectile  firom  even  a  Hotchkiss  gun  would  be  utterly  useless  on  the  Sun,  as 
owing  to  the  increased  force  of  gravity  it  would  be  rapidly  drawn  to  its  surface, 
and  its  range  would  be  reduced  to  only  a  few  yards  from  the  cannon's  mouth.— 
Core  in  "Scenery  of  the  Heavens." 
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PRACTICAXr  SUGGESTIONS. 


34.  I  would  like  to  know  where  I  can  find  something  of  the  work  of  the  Lick 
telescope,  its  powers  and  possibilities  ?  c  r.  p. 

Answer:  A  description  of  Lick  ObservatOTj  and  its  instruments  including 
the  large  telescope,  of  course,  is  given  in  the  Hand-book  of  the  Lick  Obsenratory, 
published  bj  Professor  £.  S.  Holden,  the  director,  some  years  ago.  The  powers  of 
the  instrument  are  known  in  theory  by  the  si^e  of  the  object  glass  cmd  the  eye- 
pieces it  will  carry  in  doing  difierent  kinds  of  astronomical  work,  and  in  practice, 
by  the  use  of  such  tests.  The  defining  power  has  been  shown  in  revealing  very 
minute  details  on  the  Moon's  surface,  in  the  discovery  of  faint  new  stars  in  the 
Trapezium  of  Orion,  in  the  details  of  faint  nebulae,  the  surface  markings  of  plan- 
ets, in  the  discovery  of  the  5th  satellite  of  Jupiter,  in  the  separation  of  very  faint 
double  stars,  and  other  difficult  visual  work.  The  great  instrument  has  an 
equally  interesting  record  in  the  lines  of  photographic  and  spectroscopic  investi- 
gation. Its  light-gathering  power  has  given  it  great  advantage  in  the  study  of 
faxnt  celestial  objects.  For  a  few  years  past  it  has  been  the  court  of  last  resort  in 
the*decisidn  of  hard  astronomical  questions.  It  would  be  impossible  to  point  to 
any  one  source  for  information  in  regard  to  all  the  important  work  accomplished 
by  the  great  Lick  telescope.  There  is  not  an  important  magazine  in  this  country 
or  Europe  that  has  not  given  something  of  its  work  or  power  during  the  last 
five  years.  Professor  Holden  is  a  very  able  and  a  very  ready  writer,  and  the  calls 
on  him,  from  every  part  of  the  civilized  world,  for  information  and  help  in  astro- 
nomical work  have  been  simply  enormous.  On  this  account  the  literature  per- 
taining to  the  Lick  Observatory  has  been  very  widely  scattered.  In  a  more 
formal  way  it  will  be  found  in  the  publications  of  the  Observatory,  the  publica- 
tions of  Astronomical  Society  of  the  Pacific,  in  volumes  of  the  Sidereal  Messenger , 
volumes  XI  and  XII  of  Astronomy  and  Astro-Physics,  in  the  Astronomical 
Journal,  Nacbricbten,  Knowledge  and  the  Journal  of  the  British  Astronomical 
Association,  It  is  also  true  that  much  of  the  work  of  the  great  telescope  is  not 
yet  published,  because  yet  in  course  of  observation  or  reduction. 

35.  What  are  the  possibilities  of  the  unfinished  Yerkes  telescope  ?    c.  r.  p. 
Answer:    It  is  yet  too  early  to  say  much  about  the  Yerkes  telescope.    Its 

great  objective  is  quite  finished  though  not  yet  turned  over  to  the  authorities  of 
the  new  Observatory.  The  mounting  by  Messrs.  Warner  &  Swasey  was  com- 
pleted nearly  a  year  ago  and  was  exhibited  at  the  World's  Fair  in  Chicago  last 
summer.  For  brief  description  of  it  see  Astronomy  and  Astro-Physics,  Vol.  XH, 
page  671,  Vol.  XI,  page  790. 

86.  When  the  classical  writers  speak  of  a  star  or  cotistellation  as  rising  at  a 
certain  time  of  the  year,  is  it  the  heliacal  which  is  referred  to  ?  c.  F.  T. 

Answer:  The  ancients  had  no  telescopes.  The  horizon  was  the  only  scien- 
tific instrument  they  possessed.  They  spoke  of  the  stars  as  rising  cosmically, 
achronically  and  heliacally.  Cosmic  rising  was  at  the  same  moment  with  the 
Sun.  Achronical  rising  of  a  star  was  at  the  time  of  the  Sun  setting,  and  heliacal 
rinng  of  a  star  was  in  advance  of  the  rising  of  the  Sun.  The  term  "heliacal" 
rising  was  coined  to  represent  a  star  rising  visibly  in  the  dawn,  therefore  before 
the  Sun.  Generally  throughout  Bgypt  the  Sun  was  supposed  to  be  something 
like  10^  below  the  horizon  when  a  star  was  stated  to  rise  '*  heliacally,**  A  good 
chapter  on  this  theme  will  be  found  iu  Lockyer*s  Dawn  of  Astronomy,  published 


Digitized  by 


Google 


Practical  Suggestions.  425 

by  MacmiUaii  &  Co.,  New  York,  1894.  The  early  writers  uaed  these  three  differ- 
ent kinds  of  the  risings  of  the  stars.  Bright  stars  only  conld  have  been  seen  in  the 
case  of  cosmic  or  achronic  rising,  in  heliacal  rising  fainter  stars  conld  also  be 
seen.  It  is  Tery  probable  that  the  latter  rising  was  generally  referred  to  by  the 
classic  writers. 

87.  When  the  approximate  position  of  the  Moon  in  the  heayens  is  giTcn  in 
almanacs,  etc,  is  the  xodiacal  constellation  or  zodiacal  sign  meant  ?     c.  f.  t. 

Answer :    The  latter. 

88.  .When  astrology  was  in  vogne,  was  it  castomary  in  casting  a  horoscope 
to  employ  zodiacal  constellations  or  zodiacal  signs  ?  c.  P.  T. 

Aaswer:  The  groups  of  stars  we  now  call  constellations  were  formerly 
called  signs,  especially  those  of  the  zodiac  and  others  adjacent.  It  was  not  until 
about  the  first  century  before  Christ  that  the  signs  of  the  zodiac  as  distinguished 
from  the  constellations  of  the  zodiac  were  used.  They  were  introduced  by  Hip- 
parchus  because  the  groups  of  asterisms,  now  called  constellations,  were  too  in- 
definite for  the  exact  astronomical  references  which  he  wished  to  make  in  the 
records  of  his  obsenrations.  The  celestial  bodies,  the  Sun,  Moon,  planets  and 
stars  and  signs  as  groups  of  stars  were  the  objects  of  study  of  the  astrologist. 
In  the  life  of  Tycho  Brahe  by  Dreyer,  will  be  found  the  abstract  of  an  oration  on 
astrology  by  Tycho  in  his  early  life. 

89.  In  what  direction  does  the  Sun  rotate  on  its  axis  ?  c.  o.  T. 
Answer:    If  our  querist  wiQ  think  of  this  page  as  the  plane  containing  the 

paths  of  the  planets  and  the  Sun  in  the  center,  and  will  then  lay  his  watch  down 
on  the  page,  face  up,  the  revolution  of  the  planets  around  the  Sun  will  be  in  a  di- 
rection contrary  to  that  of  the  hands  of  the  watch.  The  rotation  of  the  Sun  on 
his  axis  (which  is  nearly  perpendicular  to  the  plane  before  mentioned)  is  in  the 
same  direction  as  that  of  the  reyolution  of  the  planets.  The  Sun's  rotation  is  de- 
termined by  the  motion  of  spots  seen  on  his  surface,  also  by  the  aid  of  the  spec- 
troscope. 

40.  Will  a  six-inch  telescope  show  the  shadows  of  the  satellites  of  Saturn's 
moons  on  the  disc  of  the  planet  ? 

Answer:    I  think  not.    They  are  too  faint.    I  know  of  no  such  record. 

41.  Please  give  me  a  list  of  yourlantern  slides  and  quote  price,     j.  s.  T. 

Answer:  We  have  not  a  printed  list  of  lantern  slides  made  at  Goodsell  Obser- 
vatory. This  work  has  been  done  entirely  from  negatives  of  various  celestial 
objects  taken  during  the  course  of  regular  work.  The  few  illustrations  that  have 
been  sent  out  have  been  made  at  the  request  offends  interested  in  our  work  and 
who  know  something  of  the  objects  photographed  and  the  value  of  the  negatives. 
Wc^  could  furnish  from  40  to  50  good  slides  with  or  without  color  from  our  own 
n^atives  if  desired.  Those  without  color  in  lots  of  a  dozen  or  more  at  75  cents 
each.  Those  in  color  will  cost  more  according  to  the  work  required.  The  princi- 
pal subiects  are  the  Sun,  Moon,  Clusters,  Nebuls,  portions  of  the  Milky  Way, 
Star  trails.  Asteroid  trails  etc. 

42.  Will  you  explain  to  us  why  it  is  that  while  the  da^  begins  to  in- 
crease at  sunset  about  December  16  and  continues  to  do  so,  it  keeps  on  short- 
ening in  the  mornings,  the  Sun  rising  later  and  later  till  about  the  middle  of  Janu- 
ary when  the  Sun  begins  to  rise  earlier.  Very  few  persons  even  observe  this— but 
it  continues  until  the  day  is  longer  in  the  evening  by  alx>ut  a  half  hour  ere  it  be- 
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gins  to  lengthen  on  the  morning  end.  And  the  same  is  observable  at  the  summer 
solstice.  Explanations  are  made  that  remind  one  of  *'  Explaining  Metaphysics 
to  the  Nation  I"    *'  Who  can  explain  his  explanation  ?"  holt. 

Answer:  It  would  seem,  at  first  thought,  as  if  the  days  ought  to  lengthen 
alike  at  both  ends,  as  the  Sun  increases  in  declination.  This  would  be  true  if  we 
reckoned  time  by  means  of  the  sundial,  or  if  the  Sun  crossed  the  meridian  at  12 
o'clock  every  day.  But  anyone  by  referring  to  an  almanac  will  find  the  Sun  record- 
ed as  '*  fast "  or  '*  slow  "  at  different  times  in  the  year.  The  solar  day  (by  day  we 
now  mean  the  interval  from  noon  to  noon)  varies  throughout  the  year.  For  the 
purposes  of  time-keeping  a  measure  of  uniform  length  is  necessary  and  fbrthat  the 
mean  solar  daj  has  been  adopted,  having  the  length  of  the  average  of  all  the  true 
solar  days.  We  may  regard  this  day  as  measured  by  the  revolution  of  a  fictitious 
Sun  moving  at  a  uniform  rate  about  the  Earth  and  in  the  plane  of  the  equator. 
It  will  'be  easily  seen  that  when  the  real  Sun  is  to  the  east  of  this  fictitious  Sun 
the  hours  of  daylight  in  the  forenoon  will  be  shortened  and  the  afternoon  length- 
ened and  when  the  real  Sun  is  west  of  the  fictitious  one  the  reverse  will  be  true. 

In  December  the  real  Sun  is  moving  toward  the  east  with  reference  to  the  fic- 
titious Sun  so  that  the  afternoons  begin  to  lengthen  before  December  21,  the  date 
when  the  Sun  begins  to  move  northward,  while  for  the  same  reason  th6  forenoons 
continue  to  shorten  after  that  date  until  the  increase  due  to  the  more  northern 
declination  balances  the  rdative  easterly  movement.  In  a  similar  manner  in  June 
the  real  Sun  is  moving  to  the  eastward  of  the  fictitious  Sun,  so  that  the  forenoons 
begin  to  decrease  before  June  21  and  the  afternoons  continue  to  increase  for  a  few 
days  after  that  time. 

43.  In  considering  the  subject  of  Stellar  Evolution,  I  have  met  with  a  diffi- 
culty which  perhaps  you  may  be  able  to  dear  up.  Professor  E.  C.  Pickering  in  his 
article  on  "The  Constitution  of  the  Stars, "  (Astronomy  and  Astro-Physics,  Vol. 
XII  p.  718.)  says  that  in  stars  like  a  AquiUe  the  H  lines  bre  broad  and  diffuse. 
He  remarks  that  this  could  be  accounted  for  by  supposing  these  stars  to  have  a 
rapid  axial  rotation,  but  that  this  would  imply  an  equatorial  velocity  of  over 
100  miles  a  second,  and  is  therefore  improbable. 

This  sets  me  thinking;  is  it  so  very  improbable  ?  We  know  that  many  of  the 
stars  differ  very  much  from  our  own  Sun  in  mass,  constitution,  etc  Is  there  not 
a  reasonable  presumption  that  they  may  also  enormously  exceed  it  in  velocity  of 
rotation  ?  * 

It  seems  to  me,  that  on  any  hypothesis  of  stellar  evolution,  whether  the 
nebular,  the  hypothesis  of  meteoric  aggregation,  etc.,  just  before  consolidation 
into  a  single  mass,  the  detached  masses  which  are  about  to  constitute  the  visible 
photosphere,  mast  be  rotating  with  planetary  velocity  around  the  common 
centre  of  gravity,  and  therefore  at  first  formation  the  photosphere  would  be  rotat- 
ing with  this  enormous  velocity.  I  do  not  see  any  escape  from  this  conclusion. 
This  would  mean,  for  a  star  equal  in  size  and  mass  to  our  own  sun,  a  rotation 
in  about  8**,  or  an  equntorial  velocity  of  over  200  miles  a  second.  So  that  the 
supposed  vdocity  of  100  miles  a  second  does  not  seem  a  priori  so  Ytry  unlikely  to 
occur  somewhere  in  the  universe.  At  the  same  time,  there  is  reason  to  believe  it 
would  be  somewhat  exceptional.  Thus  the  photosphere  of  Sirius  cannot  be 
rotating  with  anything  like  this  velocity,  the  mass  being  only  about  twice  that 
of  our  sun,  and  the  distance  from  the  centre  enormously  greater. 

Now  comes  in  my  difficulty ;  if  stars  at  their  first  formation  were  rotating  with 
this  enormous  velocity,  why  should  they  not  continue  to  do  so  ?  Obviously,  in 
stars  like  Algol,  which  had  a  dose  companion  of  considerable  magnitude,  the 
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enomiotis  tidesi  raised  m  the  primary,  would  soon  reduce  the  Telocity  of  rotation. 
(Bat  even  here  there  it  a  limit ;  thus  I  can  nnderstand  the  rotation-period  of  Algol 
being  eqnal  to  the  period  of  the  companion  or  2d  20^  ^O*",  or  being  still  less  than 
this,  bat  I  cannot  understand  its  being  mnch  greater.)  Now,  in  the  case  of  all 
the  bodies  in  the  solar  system,  except  the  Sua,  there  is  no  difficulty  in  accounting 
for  the  rotation-periods.  The  outer  planets  by  reason  of  their  great  mass  had 
mnch  shorter  original  periods  thnn  the  inner.  In  the  case  of  these  latter,  the 
redaction  was  principally  effected  by  the  solar  tides ;  in  the  case  of  the  former  the 
tides  raised  by  the  satellites.  The  longer  period  of  Jupiter  with  regard  to  Saturn 
may  be  ascribed  to  the  fact  that  the  solar  tides  had  still  some  effect  on  Jupiter, 
but  hardly  any  on  Saturn.  But  in  the  case  of  the  San  itseH,  the  redaction  seems 
inexplicable.  And  it  is  nut  that  I  hive  brought  forward  a  theory,  to  which  the 
Sun  is  an  irreconcilable  exception.  The  only  hypothesis  I  ui^ge,  is  that  it  does  not 
seem  to  me  by  any  means  impossible  that  the  widening  of  the  H  lines  in  the 
spectrum  of  a  AquiUe  may  be  due  to  a  very  rapid  rotation.  That  all  stars 
originally  rotated  rapidly,  and  woald  still  be  rotating  rapidly  anless  the  Yelodty 
was  in  some  way  rednced,  seems  to  me  a  necessary  consequence  of  any  hypothesis 
as  to  stellar  erolution.  I  suppose  it  is  wrong ;  in  fact  if  the  Sun  is  really  irrecon- 
cilable, it  mv8t  be  wrong;  but  I  cannot  see  how. 

Another  way  In  which  the  rotational  velocity  may  have  been  reduced  is  inter- 
nal friction;  the  layers  internal  to  the  photosphere  having  a  longer  period, 
because  although  nearer  to  the  centre,  the  included  mass  is  less.  For  stars  like  oar 
sun  this  method  has  the  advantage  of  not  depending  on  any  external  body.  But 
I  feel  doubtful  as  to  whether  this  cause  could  have  been  so  effective,  because  if,  as 
seems  probable,  the  mass  increased  in  density  towards  the  centre,  the  retardation 
due  to  this  cause  would  evidently  have  been  less. 

In  any  case,  if  we  admit  that  in  stars  when  first  formed  the  photosphere  is 
rotating  with  planetary  velocity ;  it  follows  that  in  large  diffuse  stars,  as  Sirians, 
where,  owing  to  the  rarity,  friction  can  have  but  little  effect,  this  velocity  is  very 
great ;  not  indeed  100  miles  a  second,  but  much  greater  than  the  velodties  we  are 
accustomed  to  in  our  own  Sun.  j.  r.  holt. 

Answer:  There  does  not  seem  to  be  anything  improbable  in  the  supposition 
that  some  of  the  stars  are  rotating  with  great  axial  velocities;  but  we  could 
hardly  expect  that  this  woald  always  l)e  the  case.  The  velocity  of  rotation  of  a 
star  would  depend  upon  many  circumstances. 

( 1 )  Supi>osing  a  nebuloas  mass  to  be  endowed  originally  with  a  given  angu- 
lar velocity  of  rotation,  it  is  evident  that  this  angular  velocity  win  steadily  in- 
crease as  the  mass  contracts,  since  the  axial  moment  of  momentum  of  the  mass 
is  constant,  and  the  radius  of  gyration  diminishes  as  the  mass  condenses.  Hence 
the  angular  velocity  of  rotation  will  depend  upon  the  stage  of  development.  It 
is  well  known  that  such  an  increase  in  angular  velocity  as  we  have  indicated 
would  also  give  rise  to  an  increase  in  tbe  liaear  relocity  of  the  periphery  of  the 
nebulous  mass. 

(2)  The  angular  velocity  with  which  the  mass  started  would  depend  alto- 
gether upon  the  manner  in  which  the  matter  Composing  it  came  together.  If  all 
the  nebulous  matter  fell  straight  towards  the  centre,  there  woald  be  no  rotation 
about  that  point;  the  figures  of  some  of  the  planetary  nebulae  woald  seem  to  in- 
dicate that  they  have  no  rotatory  motion.  On  the  other  hand,  if  any  of  the  neb- 
oloos  matter  did  not  fall  straight  towards  th^  centre,  bat  rather  to  one  side  of  it, 
the  result  wotdd  be  a  rotation  in  some  direction.  For  the  new  mass  woald  thus 
in  its  formation  acquire  a  given  moment  of  momentum  about  its  center  of  inertia. 
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cmd  this  moment  of  momenttim  would  always  be  presenred  however  much  the 
nebula  contracted.  Thus  there  might  arise  all  possible  initial  yeloctties  of  rota- 
tion. Besides,  as  we  have  seen  in  (1),  the  velocities  would  increase  as  the  masses 
condensed. 

Hence  we  conclude  that  all  possible  velocities  probably  exist  among  the  stars, 
and  we  can  see  no  inherent  improbability  in  supposing  the  stars  to  be  rotating  in 
many  cases  at  a  velocity  of  100  miles  per  second.  But  at  present  all  positive 
knowledge  on  this  point  is  wanting.  (tf). 


GENERAL  NOTES. 


We  are  disappointed  that  some  of  our  engraving  of  recent  photographic  work 
could  not  be  completed  in  time  for  this  number.  It  will  be  in  readiness  for  our 
next  issue. 


The  Peters-Borst  Star  Catalo^^e.— ^bout  1889,  the  manuscript  of  a 
catalogue  of  35,000  stars  was  completed  at  Litchfield  Observatory  of  Hamilton 
College  and  made  ready  for  publication.  The  observations  and  reductions  were 
made  in  the  main  by  Charles  A.  Dorst,  then  assistant  to  Dr.  C.  H.  P.  Peters,  di- 
rector of  Litchfield  Observatory,  who,  it  was  claimed,  planned  the  work  and  di- 
rected it  in  the  beginning.  When  the  manuscript  was  completed  Mr.  Borst  re- 
fused to  give  it  up.  claiming  it  as  his  own.  The  matter  was  taken  to  court  and  tried 
before  Judge  Williams  in  Utica  in  the  spring  of  1889,  and  it  was  decided  that  the 
catalogue  belonged  to  Dr.  Peters.  This  trial  attracted  wide  attention  in  conse- 
quence of  the  scientific  features  in  the  case  and  the  prominence  of  the  witnesses 
called  to  testify.  Since  the  death  of  Dr.  Peters  which  occurred  in  1890,  the  contest 
has  been  maintained  by  Hon.  Blihu  Root  of  New  York  as  administrator  in  the 
appeal  made  by  Mr.  Borst  to  the  Court  of  Appeals  of  New  York.  Prom  the 
Utica  Herald,  April  14,  we  learn  that  the  Court  of  Appeals  hand  down  a  decision 
reversing  that  rendered  in  1889  by  Judge  Williams  and  ordering  a  new  trial. 

While  neither  of  the  parties  claimed  thxit  the  star  catalogue  had  commercial 
value,  it  was  shown  by  the  testimony  of  Professors  Hall  of  Washington,  and 
Boss  of  Albany,  that  the  cost  of  work  was  not  less  than  $12,000.  Por  a  state- 
ment of  the  case  in  important  particulars,  see  Vol.  VIII  Sidereal  Messenger,  pp. 
138,  455. 


Brilliant  as  the  Snn  is,  and  all-important  as  he  may  appear  to  the  ordinary 
observer,  he  is  to  astronomers  only  one  of  the  hosts  of  heaven,  in  fact  the  near- 
est of  the  fixed  stars  .  .  .  seen  from  the  nearest  of  the  stars,  a  Centauri,  the  Sun, 
together  with  the  whole  solar  system,  would  appear  as  a  star  of  about  the  2nd 
magnitude  near  the  Chair  of  Cassiopeia  about  6°  north  of  7  Persei.— gorb  :  "Seen- 
ery  of  the  Heavens." 

The  Sun  rotates  in  twenty-five  or  twenty-six  of  oui-  days,— I  say  twenty-five 
or  twenty-six  because  (what  is  very  extraordinary)  it  does  not  turn  all-of-a-piece 
like  the  Barth.  but  some  parts  revolve  faster  than  others,^  not  only  faster  in  feet 
and  inches,  but  in  the  number  of  turns,— just  as  though  the  rim  of  a  carriage 
wheel  were  to  make  more  revolutions  in  a  mile  than  the  spokes,  and  the  spokes 
more  than  the  hub.  Of  course  no  solid  wheel  could  so  turn  Without  wrenching 
itself  in  pieces,  hut  that  the  great  solar  wheel  does,  is  incontestable;  and  this 
alone  is  a  convincing  proof  that  the  Sun's  surface  is  not  solid,  but  liquid  or  gas- 
eous.^LANGLBY  in  "New  Astronomy." 
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Authority  for  Variable  Star  Maxima.^It]  oar  tables  of  prediction  for 
yariable  star  maxima  under  tbe  title  of  Cnmmt  Celestial  Phenomena  we  have 
nsed  tbe  tables  of  Brnst  Hart  wig  in  tbe  main,  as  tbej  appear  in  the  "  VMertel- 
Jabrsacbrift  der  Astronomwcben  GesellscbaA.  These  have  been  compared  with 
other  good  tables  and  have  been  fonnd  to  agree  well  generally,  thongh  not  in  all 
cases.  Hartwig  is  regarded  as  good  authority  and  this  mention  is  made  because 
of  a  statement  involving  some  uncertainty  by  one  of  onr  correspondents  fonnd 
on  pages  899  and  401  of  this  number. 


The  Poole  Star-Charts.— We  have  received  a  copy  of  tbe  Poole  star-chart 
of  the  same  size  as  the  Poole  Planisphere,  on  a  circle  17  inches  in  diameter,  the 
north  pole  of  the  heavens  at  the  center,  and  extending  to  50®  south  of  the  celes- 
tial equator.  The  constellations  are  all  nicely  shown  with  easy  and  definite 
boundaries,  just  as  given  on  smaller  scale  in  the  star-chart  of  this  number.  The 
stars  to  the  fifth  magnitude  and  under  are  also  given. 

These  large  star-sheets  can  now  be  secured  by  astronomers,  observers  and 
students  who  may  want  to  keep  a  record  of  celestial  phenomena  of  special  inter- 
est such  as  the  paths  of  comets,  planets,  shooting  stars,  etc.,  etc. 

This  is  an  excellent  idea,  because  all  such  records  that  are  made  neatly  and 
accurately  will  be  of  great  value.  On  the  blank  map  everything  is  done  except 
that  which  the  observer  wants  to  record,  and  the  value  of  his  record  is  in  the  fact 
that  he  has  everything  to  a  scale  and  all  records  are  uniform.  Every  observer 
interested  in  good  records  of  this  kind  to  accompany  the  note-book  wOl  want  to 
examine  these  star-sheets. 


The  DaiRm  of  Astronomy  —In  Aatrottomj  and  Aatro-Pbjaica  for  March 
a  fuU  notice  was  given  of  the  new  book  bearing  the  above  title.  It  is  written  by 
J.  Norman  Lockyer  and  published  by  Messrs.  Macnullan  &  Company  of  London 
and  Kew  York.  It  is  attractive  in  appearance  with  laige  page,  clear  type,  wide 
margin,  very  heavy  paper,  121  illustrations  and  a  contents  of  425  pages.  Price 
$6. 

The  design  of  tbe  author  is  to  determine  the  bearing  of  recent  discoveries,  as 
fiar  as  possible,  on  the  early  history  of  astronomy.  The  earliest  civilizations  from 
which  information  is  now  sought  are  those  of  the  Nile  Valley  and  adjacent  coun- 
tries in  western  Asia.  India  and  China  with  paper  records  but  no  monuments  of 
high  antiquity  are  undoubtedly  of  more  modem  origin.  If  we  can  go  back  in 
China's  and  India's  history  4000  years,  and  by  Babylonian  tablets  5000  years, 
those  of  Bgypt  may  carry  the  inquirer  back  as  fietr  as  6000  or  7000  years.  The 
key  to  this  important  investigation  is  in  the  worship  of  these  ancient  peoples, 
and  as  it  consisted  laigely  in  deifying  the  heavenly  bodies  and  in  dedicating  to 
them  great  ttoiples  and  shrines  without  number,  it  is  important  to  know  which 
of  the  celestial  bodies  were  chosen  as  objects  of  worship  for  these  temples  respec- 
tively, whose  foundations  have  been  uncovered  extensively  by  the  archeologists  in 
modem  times.  During  the  last  three  years  one  important  point  of  study  has 
been  to  learn  as  accurately  as  possible,  the  directions  in  which  the  foundations  of 
the  various  shrines  lie  in  regard  to  the  points  of  the  compass.  For,  it  is  beHeved, 
that  the  worshippers  who  built  them  carefully  fdaoed  them  to  fkct  the  rising 
point  of  the  Sun,  planet  or  star  to  which  they  were  respectively  dedicated.  Now, 
it  win  readily  be  seen  that  tbe  ancient  tablets  connected  with  these  focts  of  orien- 
tation and  the  astronomer's  knowledge  of  the  places  of  the  celestial  bodies  in 
very  ancient  times  may  give  new  and  important  information  about  the  dawn  of 
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astronomy.  Tbis  new  book  fairly  opens  tbe  field  and  directs  attention  to  lines  of 
stndy  tbat  may  be  pursued  very  profitably  without  doubt  to  gain  valuable 
information.  

Mt.Ix>^ve  Observatory.— I  desire  to  inform  the  readers  of  your  widely 
read  journals  that  my  future  address  will  be  Lowe  Observatory,  Bcho  Mountain, 
Los  Angeles  Co.,  Ccdifomia. 

My  instruments,  which  for  the  past  twelve  years  have  done  service  at  the 
late  Warner  Observatory,  Rochester,  N.  Y.,  are  now  en  route  to  Pasadena,  from 
which  city  they  will  be  transferred  to  the  Mt.  Lowe  Railway  which  will  elevate 
them  to  the  site  of  the  Observatory,  3600  feet  above  the  Pacific  Ocean.  This  road, 
a  trolly  to  Rubio  Canyon  the  first  station,  and  an  electric  cable  road  to  Echo 
Mountain,  has  been  in  successful  operation  for  nine  months. 

Work  on  the  new  mountain  Observatory  will  be  begun  immediately  upon  my 
arrival.  Already  there  arc  established  there  the  telegraph,  telephone  and  express 
offices,  a  post  office  and  mammoth  hotel,  and  an  illustrated  daily  newspaper, 
the  Mt.  Lowe  Bcho,  is  published. 

With  nine  degrees  of  southern  declination  not  visible  from  this  latitude  nor 
from  most  of  the  observatories  of  the  world,  and  having  an  assurance  of  nearly 
three  hundred  clear  nights  per  year,  I  am  hoping  for  a  continuance  of  my  nebulae 
work  begun  in  this  city,  and  successfully  prosecuted  until  stopped  by  the  electric 
street  lights.  lewis  swift. 

Rochester,  N.  Y.,  April  12, 1894. 


Casual  observers  are  referring  the  fine  aurora  of  Friday,  March  30th,  to 
the  spots  on  the  Sun  which  happened  to  be  most  conspicuous  at  the  time,  which  in 
tbis  case  were  east  of  the  meridian  and  far  north.  There  was,  however,  a  dis- 
turbance marked  by  two  spots  smaller  it  is  true,  but  in  the  precise  location  which 
has  been  found  to  be  characteristic  when  there  is  an  aurora  at  this  season  of  the 
year,  namely  at  the  eastern  limb  and  south  of  the  equator.  In  other  words  it  is 
the  position  and  not  the  size  of  the  spots  that  determines  the  auroral  effect  and 
its  recurrence  at  the  precise  interval  of  the  rotation  period  of  the  Sun. 

'  M.  A.  YBBDBR. 

Aurora.  —During  the  display  of  aurora  borealis  on  the  evening  of  March 
30th,  a  prominent  feature  was  the  converging  of  the  streamers  and  waves  of 
light  to  a  point  on  the  meridian  about  15  degrees  south  of  the  zenith.  When 
first  seen  here,  a  few  minutes  before  8  o'clock,  the  light  was  pretty  evenly  distrib- 
uted over  the  sky  from  east  to  west  and  extending  from  the  north  towards  the 
south  as  far  as  a  line  parallel  with  the  horizon  running  through  Sirius.  This,  at 
first  was  quiescent  and  very  similar  in  appearance  to  a  stratum  of  luminous  cir- 
rus clouds.  This  soon  broke  up,  however,  into  streamers  and  filaments  of  Hght, 
some  of  which  were  bright  pink  in  color,  all  pulsating  rapidly  towards  a  point 
which  at  8:30  P.  M.  was  apparently  on  the  meridian,  nearly  on  a  line  with  north- 
erly star  in  the  sickle  of  the  Lion.  The  most  remarkable  part  of  the  display  was 
the  unmistakable  flashing  of  streamers  from  the  south,  as  well  as  other  quarters, 
to  the  point  referred  to.  In  fact  I  do  not  remember  to  have  ever  seen  an  aurora 
whose  southerlv  limit  was  so  near  the  horizon,  and  which  showed  from  all  direc- 
tions a  movement  towards  a  definite  point.  It  would  be  interesting  to  know  if 
this  was  observed  elsewhere  and  what  explanation  can  be  given  of  the  phenom- 
enon referred  to.  J.  h.  badib. 

Bayonne,  K.  J. 
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The  San-beat  fallicg  on  one  square  mile  corresponds  to  over  750  tons  of 
water  raised  every  mwote  from  the  freezing  point  to  boiling.  The  Snn*s  heat 
faDing  on  the  Earth  in  each  miaate  wonld  raise  to  boiling  37,000,000,000  tons  of 
water.— Lamolby  in  •*  New  Astronomy." 


Mlra  Coti.— Observations  of  this  variable  star  have  shown  that  it  has  con- 
tinned  to  brighten  since  the  predicted  date  of  maximum  (Pebrnarj  17).  At  the 
present  time  (March  4)  it  is  a  trifle  brighter  than  d  Ceti,  a  star  of  magnitude  4.2, 
and  is  quite  a  conspicuous  naked-eye  star  for  a  little  while  after  darkness  sets  in. 
There  are  no  indications  that  it  has  even  yet  reached  the  maximum.  On  some 
previous  occasions  it  has  reached  the  second  magnitude.  The  predicted  date  of 
maximum  was  no  doubt  calculated  on  the  basis  of  the  period  of  333  days 
deduced  by  Argelander,  but  it  is  well  known  that  the  period,  like  the  maximum 
brightness,  is  not  always  the  same.  There  is  evidence  of  a  regular  irre^^plarity 
to  the  extent  of  twenty-five  days.  The  present  apparition  is  anythint^  but 
favorable,  owing  to  the  proximity  of  the  star  to  the  sun.^Natare,  March  15,  '96. 


BOOK  NOTICES. 


The  Amateur  Telescopist's  Hand-book  by  Prank  M.  Gibson,  Ph  D.;  L.  L.  B.  New 
York;  Messrs.  Longmans,  Green  &  Co.,  publishers,  15  East  Sixteenth  St. 
1894.    pp.163. 

This  is  a  plain,  unpretentious  little  book  intended  for  those  who  have  tele- 
scopes under  4  inches  of  aperture,  and  who  wish  to  learn  the  proper  care  and  use 
of  such  an  instrument.  The  first  eighty  pages  is  given  up  to  the  consideration  of 
the  telescope  under  nine  chapters.  The  first  chapter  deals  with  the  telescope  in 
regard  to  its  principles  and  powers.  The  small  telescope  has  a  useful  place  in  the 
study  of  astronomy  if  the  young  observer  knows  how  to  apply  it.  He  shows  the 
principles  of  the  instrument.  They  are  plainly  presented  and  illustrated  The 
eye-pieces  are  given  also,  and  the  number  and  power  of  each  adapted  to  apertures 
varying  from  2  inches  to  6  inches.  Brief  statements  are  given  showing  what  is 
meant  by  the  magnifying,  defining  and  illuminating  powers  of  the  telescope.  The 
second  chapter  treats  of  testing  the  object  glass,  eye-pieces  and  tubes.  It  is  excel- 
lent as  far  as  it  goes.  The  illustrations  of  deformed  images  vrith  explanations  of 
causes  are  definite  and  helpfid.  Chapter  third  particulariy  describes  the  equato- 
rial stand,  and  fourth  has  to  do  with  the  accessories.  The  fifth  chapter,  on  the  care 
of  the  telescope,  we  have  given  elsewhere  in  this  number,  in  full,  and  and  it  will 
serve  to  illustrate  the  way  the  author  deals,  not  only  with  the  subject  in  hand,  but 
also  indicate  somewhat  of  the  character  of  the  book  as  a  whole.  The  nxth  treats 
of  the  use  of  the  telescope  in  seven  pages;  the  seventh,  is  concerned  with  the  ob- 
servations of  the  stars,  nebuls,  Sun  and  Moon  to  which  twelve  pages  is  devoted. 
Then  follows  chapter  ninth  which  gives  the  prices  of  small  instruments  of  various 
sizes  by  difierent  makers,  mounted,  unmouilted  and  portable. 

The  remainder  of  the  book  consiisting  of  80  pages  is  given  up  to  a  list  of  celes- 
tial objects  arranged  under  the  constellations  to  which  they  belong,  the  constella- 
tions themselves  being  arranged  in  alphabetical  order.  This  list  contains  468 
celestial  objects  consisting  of  double  stars,  clusters,  variables,  peculiar  stars  and 
nebuke.  This  book  will  be  of  real  service  to  the  amateur  who  has  had  little  ex- 
perience with  the  telescope. 
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Total  Eclipses  of  the  Sun.  By  Mabel  Loomls  Todd.  Ulastrated.  Boston:  Rob- 
erts Brothers,  publishers.  No.  1  Colnmbtan  Knowledge  Series.  16nio,  doth, 
pp.  244.    Price  $1. 

Mrs.  Todd*s  neat  little  book  is  the  first  of  the  Colombian  Knowledge  Series, 
under  the  editorship  of  Professor  D.  P.  Todd  of  Amherst  College,  and  is  certainly 
attractive  at  first  sight,  whether  it  be  in  the  thoughtful  taste  of  cover  decoration 
handsomely  designed  by  the  gifted  Mrs.  Huggins  of  London,  or  the  varied  and 
ample  illustration  of  the  text,  which  numbers  223  cuts  and  full-page  plates. 

The  author  begins  with  a  chapter  on  eclipses  and  eclipse  tracks  in  general, 
showing  how  the  path  of  total  shadow  would  look  to  one  so  placed  to  view  it 
as  a  whole,  if  it  were  a  fixed  trail  on  the  Earth *s  surface.  The  figures  of  the  shad- 
ows, the  comparative  sizes  of  the  Sun,  Moon  and  Earth,  and  the  easy,  clear  way 
of  associating  a  multitude  of  interesting  facts  pertaining  to  these  bodies,  their  or- 
bits and  their  specific  relations  in  important  edipses,  will  enlist  the  interest  of  the 
reader-at  once  in  the  plan  and  purpose  of  the  book.  The  espedal  value  of  the 
text  for  the  careful  student  or  instructor  in  the  dements  of  astronomy  is  the 
abundant  references  to  authority  and  useful  books  on  almost  every  page.  This 
has  cost  labor  and  much  of  it,  on  the  part  of  the  author,  for  vety  much  of  this 
usefol  information  will  not  be  found  in  text-books  or  other  works  easily  accessible 
to  the  popular  reader.  For  example,  the  description  of  the  total  edipse  in  the 
second  chapter  very  aptly  and  fully  illustrates,  by  cut  and  word,  the  singular 
crescents  vinble  under  foliage  during  the  partial  edipse,  and  the  fleet  shadow 
bands  as  they  cufiously  painted  the  side  of  an  Italian  dwelling  seen  in  the  total 
edipse  of  1870. 

The  follovnng  are  titles  of  other  chapters:-— Minor  phenomena,  tnterimercurian 
planets,  the  solar  prominences,  the  corona,  eclipses  in  the  remote  past,  mediaeval 
and  later  eclipses  (A.  D.  5  to  1842),  modem  edipses  (1842—1880),  recent  edipses 
(1882—1893),  edipses  and  the  telegraph,  Automatic  eclipse  photography,  the 
predicting  of  eclipses,  sdecting  stations,  future  edipses,  lists  of  edipses  with  charts, 
biographical  sketches  and  an  index. 

This  number  makes  an  auspidous  beginning  for  the  Columbian  Knowledge 
Series,  and  ought  to  find  ready  sale  as  its  merits  are  known. 


Bibliospraphy  of  Astronomy  for  Pebrtiaryy  1894. 

GLYDiiN  (H.)  Traits  analytique  des  orbites  absolues  des  huit  plan^tes  prindpales. 

1.  Th^rie  g^n^rale  des  orbites  absolues.    4to.    Stockholm,  1894.    $7.50. 
Johnson  (S.  P.)    Notes  on  astronomy:  a  complete  elementary  handbook,  with  a 

collection  of  examination  questions,  edited  by  J.  "Lowe.  8vo.  1894.  90  cents. 
Lynn  (W.  T.)    Remarkable  comets.    Second  edition.    12mo.    1894.    15  cents. 
Lynn  (W.  T.)    Cdestial  motions:  a  handy  book  on  astronomy.    8th  edition.    8 

plates.    12mo.    1894.    60  cents. 
Mahtin  (P.)  Untersuchungen  fiber  die  wahrschdnlichste  Bahn  des  Cometen  1825 1 

und  fiber  seine  Identitftt  mit  dem  Cometen  1790  IIL     4to.     Goettingen. 

1894.    fl.  ^ 

Pratt  (H.)    Prindpia  nova  astronomica.    4to.    1894.    $2.65. 
Proctor  (R.  A.)    The  orbs  around  us.    New  edition.    8vo,  cloth.    1894.    90  cts. 

The  above  works  can  be  purchased  from  Wm.  Wesley  &  Son,  28  Essex  Street, 
Strand,  London,  England.        

Eh-Ata.— Page  801,  Kne  8,  for  "Techner's  "  read  "  Fechner's."  Page  304  line  5 
from  end  for  '*  increases  "  read  "  is  multiplied." 
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No.  1.    Exposure  15"*. 
Nov.  6,  1893. 


No.  2.    Exposure  2'». 
Jan.  25,  1832. 


No.  3.    Exposure  9^.    Feb.  5  and  6, 1894. 

The  Great  Nebula  in  Orion. 

Prom  photographs  taken  at  Goodsell  Observatory  by  H.  C.  Wilson  and  A.  G.  Sivaslian. 
Popular  Astronomy,  No.  10. 
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THB  GRBAT  NBBUI^A  IN  ORION. 


H.  C.  WILSON. 


The  finest  nebula  in  all  the  heavens,  at  least  in  that  part  of  the 
sky  which  is  Tisible  to  our  latitude,  is  the  great  nebula  in  the 
Sword  of  Orion.  The  constellation  of  Orion  is  a  conspicuous 
winter  constellation,  which  doubtless  all  of  our  readers  have  no- 
ticed many  a  time  during  the  past  three  or  four  months.    It 

consists  of  a  rude  rectangle  of 
bright  stars,  with  a  belt  of 
three  bright    stars,    through 
the  middle  cmd  hanging  from 
this  a  line  of  fainter  stars  called 
the  Sword  or  Dagger.     The 
naked-eye  stars  of  the  constel- 
lation are  shown  iii  the  accom- 
panying cut.  '  On  a  clear  night 
anyone  with  good  eyesight  can 
see  that  the  middle  star  in  the 
sword  is  surrotinded  by  a  neb- 
ulous haze.     An    opera-glass 
shows  this   very  plainly  and 
with  a  small  telescope  what 
seems  to  the  eye  to  be  a  single 
star  is  broken  up  into  a  group 
of  several  stars  surrounded  by 
a  bluish  green  haze. 
This  nebula  appears  to  have 
been  first  seen  by  Cysat  of  Luzerne  in*  1618.    Galileo  failed  to  see 
it,  although  he  made  a  map  of  this  region  of  Orion  containing 
400  stars.    The  earliest  drawing  of  the  nebula  is  given  by  Huy- 
ghens  in  his  Systema  Satumimn  published  in  1659.     Since  that 
time  this  object  has  been  more  studied  than  perhaps  any  other 
in  the  sky.    The  wonderful  details  of  its  structure  have  led  many 
observers  to  attempt  to  depict  them.    Numerous  drawings  have 
been  published  and  have  been  carefully  compared,  to  see  if  they 
would  give  any  evidence  of  change  in  the  form  or  details  of  the  ne- 
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bula.  It  IS  very  difficult,  however,  to  make  an  accurate  drawing,, 
especially  where  many  of  the  details  are  almost  at  the  limit  of  vis- 
ion. If  one  compares  the  drawings  made  by  different  observers  at 
about  the  same  time  he  will  hardly  be  able  to  recognize  them  as  pic- 
tures of  the  same  object.  Professor  E.  S.  Holden  in  his  "  Mono- 
graph on  the  Central  parts  of  the  Nebula  of  Orion  "  published  as 
an  appendix  to.  the  Washington  Observations,  1878,  has  given 
reproductions  of  a  large  number  of  drawings  by  the  most  eminent 
astronomers  of  the  past  two  centuries.  These  vary  very  greatly, 
and  although  Professor  Holden  thinks  that  there  is  evidence  of 
some  changes  in  the  brightness  of  certain  parts  of  the  nebula,  the 
great  differences  are  the  result  of  personality,  incorrect  drawing 
and  differing  instruments,  jand  on  this  account  grave  doubts  are 
thrown  upon  conclusions  drawn  from  them. 

Photography,  although  it  has  some  faults  peculiar  to  itself^ 
gives  a  means  of  depicting  the  delicate  details  of  nebulae  far  more 
accurately  than  can  be  expected  of  the  best  drawings.  It  is  firee 
from  personal  error,  except  as  the  latter  may  affect  the  develop- 
ment of  the  sensitive  plate,  and  photographs  taken  with  very 
different  telescopes,  different  sensitive  plates,  and  developed  by 
different  methods  show  essentially  the  same  details.  The  one  de- 
fect is  that  the  contrast  between  bright  and  faint  portions  is 
heightened,  so  that,  if  there  are  very  great  differences  in  bright- 
ness, the  extremes  cannot  be  shown  upon  the  same  photograph. 
This  defect  is  quite  marked  in  all  the  photographs  which  we  have 
seen  of  the  nebula  of  Orion ;  when  the  central,  bright  part  is 
shown  the  outer  portions  are  lost,  and  vice  versa,  when  the  ex- 
posure and  development  are  sufficient  to  show  the  very  faint 
parts  the  details  of  the  center  are  lost  because  of  over- exposure 
and  over-development. 

The  first  photograph  of  the  Orion  Nebula,  and  this  was  the 
first  of  any  nebula,  was  taken  by  Dr.  Henry  Draper,  at  Hastings, 
N.  Y.,  on  the  night  of  Sept.  30,  1880.  It  was  taken  vrith  a  re- 
fracting  telescope  of  11  inches  aperture,  the  exposure  lasting  fifty- 
one  minutes.  It  showed  about  what  may  be  seen  in  the  first 
photograph  presented  in  the  frontispiece  of  this  number  of  Popu 
LAR  AsTHONOMY.  In  March  of  the  following  year  Dr.  Draper  se 
cured  another  photograph  with  an  exposure  of  104  minutes, 
showing  stars  down  nearly  to  the  fifteenth  magnitude. 

In  1882  and  1883  Mr.  Common,  in  England,  obtained  a  num- 
ber of  excellent  photographs  of  the  nebula  with  a  37-inch  reflect- 
ing telescope,  for  which  he  was  awarded  the  Medal  of  the  Royal 
Astronomical  Society.  Quite  recently  he  has  obtained  still  Tt)etter 
results  with  his  new  5-foot  reflector. 
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The  best  photographs  which  have  been  reprodaced  for  publica- 
tion thus  far,  are  those  obtained  by  Mr.  Isaac  Roberts,  in  Eng- 
land, with  a  20-inch  reflector.  A  series  of  nine  photographs,  with 
exposures  vaiying  from  6  seconds  to  3^  hours  duration,  was  re- 
produced by  photogravure  in  Knowledge,  May  1,  1889.  Mr. 
Roberts'  reflector  has  a  comparatively  short  focal  length,  only 
100  inches,  so  that  the  angular  aperture  is  large  and  the  light  is 
concentrated  upon  a  small  image.  This  makes  the  instrument 
very  effective  for  the  particular  work  for  which  it  w€is  designed. 

The  photographs,  which  we  present  in  the  frontispiece  of  this 
number,  were  taken  with  a  refracting  telescope  of  8^-inches  ap- 
erture, and  109  inches  focal  length.  It  was  originally  designed 
as  a  visual  telescope,  and  a  third  lens  was  afterward  added  to  the 
objective,  correcting  it  for  the  photographic  rays  of  light.  A 
guidiag  telescope,  of  5  inches  aperture  and  the  same  focal  length 
with  the  larger  one,  is  rigidly  attached  to  the  latter,  and  the  ob- 
server, while  the  exposure  is  being  made,  looks  through  this  at 
some  star,  in  or  near  the  object  to  be  photographed.  This  star  is 
kept  continually  at  the  intersection  of  two  cross  wires  of  coarse 
spider  web.  Whenever  it  begins  to  deviate  from  this  position, 
either  from  irregularities  in  the  driving  apparatus  or  the  constant- 
ly changing  atmospheric  refraction,  the  observer  at  once  brings  it 
back  by  means  of  adjusting  screws  which  move  the  two  teles- 
copes together.  In  this  way  the  exposure  can  be  prolonged  in- 
definitely, i.  e.,  while  the  object  is  above  the  horizon.  For  objects 
north  of  the  equator  too,  the  construction  of  the  mounting  is 
such  that  the  telescope  cannot  pass  the  meridian  without  being 
changed  in  declination. 

Our  photograph  No.  1  was  taken  on  the  night  of  Nov.  6, 1893. 
The  exposure  lasted  one  hour,  but  the  plate  was  not  fully  devel- 
oped so  that  it  shows  no  more  of  the  nebula  than  other  plates 
which  we  have  given  exposures  of  only  16  minutes.  In  order  to 
give  the  reader  an  idea  of  the  scale  of  the  picture  let  me  say  that 
it  takes  in  the  row  of  three  naked  eye  stars  in  the  Sword  of 
Orion.  The  group  of  stars  at  the  top  of  the  picture  form  one 
naked  eye  star  x,  the  group  at  the  bottom  another  c,  and  the  neb- 
ula with  its  involved  stars  the  middle  one  S.  All  the  pictures  are 
inverted,  so  as  to  give  the  telescopic  view. 

The  first  thing  which  catches  the  eye  of  an  observer  on  looking 
through  a  telescope  at  this  nebula  is  a  group  of  four  bright  stars, 
commonly  called  the  Trapezium,  in  its'midst.  In  the  photograph 
these  stars  are  so  over-exposed  that  they  run  together  and  form  a 
single  bright  patch  in  the  nebula.    The  row  of  three  bright  stars, 
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just  above  and  to  the  right  of  the  brightest  part  of  the  nebula, 
will  be  easily  recognized  by  those  familiar  with  its  telescopic  ap- 
pearance. Another  conspicuous  feature  is  the  great  dark  opening 
in  the  right  side,  likened  by  Herschel,  I  think  it  was,  to  a  fish's 
mouth.  The  brightest  part  of  the  nebula  is  approximately  square 
except  for  the  opening  on  the  right  side,  and  is  broken  up  into 
cloud-like  patches.  Outside  of  this  the  tendency  of  the  nebulosity 
is  toward  the  form  of  streamers  curving  away  from  the  central 
portion.  But  the  reader  can  see  these  details  better  than  I  can  de- 
scribe them,  and  I  must  not  take  up  the  space. 

Photograph  No.  2  was  taken  on  the  night  of  January  25, 1892, 
with  an  exposure  of  two  hours.  In  this  the  details  of  the  bright- 
est portion  are  lost,  although  the  original  negative  shows  most 
of  them,  and  the  extent  of  nebulosity  is  greatly  increased.  De- 
tails are  brought  out  and  given  definite  form  which  can  be  traced 
with  diflSculty  in  a  telescopic  view.  It  is  hard  to  say  which  are 
the  most  interesting,  the  great  double  curves  up  to  the  right,  the 
mass  of  irregular  curves  to  the  left,  or  the  detail  about  the  star 
just  below  and  to  the  right  of  the  central  portion.  Traces  of  neb- 
ulosity appear  about  the  group  i  at  the  bottom  of  the  picture. 

Photograph  No.  3  was  taken  on  the  nights  of  Feb.  5  and  6  of 
this  year,  the  total  exposure  being  9  hours.  This  brings  out  a 
very  great  extension  of  the  nebula,  so  that  the  upper  and  lower 
groups  of  stars  are  involved.  There  can  be  no  doubt,  I  think, 
that  the  two  nebulae  around  ^  and  i  are  parts  of  one  greater  neb- 
ula. The  curious  convolutions  of  the  uppet  portions  of  the 
nebula  remind  one  very  much  of  the  smoke  rising  from  a  great 
conflagration.  The  dark  notch  in  the  upper  part  of  the  lower 
nebula  and  the  lanes  through  it  are  Ycry  strange  and  interesting. 
At  first  sight  the  appearance  of  this  nebula  seems  quite  diflFerent 
from  that  of  the  great  nebula,  but  on  closer  inspection  the  char- 
acteristic curves  and  bright  patches  of  the  other  will  be  recog- 
nized. 

Now  I  know  that  some  readers  have  been  asking  what  the 
straight  lines  are  which  run  out  of  the  bright  stars.  Let  me  say 
that  once  during  the  exposure  the  driving  clock  ran  down  and  be- 
fore the  plate  could  be  covered  the  stars  had  trailed  part  way 
across  the  plate,  the  bright  ones  only  having  sufficient  intensity 
to  leave  their  mark.  The  ring  around  the  brightest  star  near  the 
top  of  the  plate  was  produceti  by  the  reflection  of  the  light  which 
penetrated  through  the  film  to  the  back  of  the  sensitive  plate. 
Although  we  used  a  nonhalation  or  double  coated  plate,  the  light 
of  that  one  star  was  sufficient  in  the  long  exposure  of  9  hours  to 
penetrate  through  the  film. 
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What  is  the  nebula?  How  far  is  it  from  us?  Does  it  move? 
Does  it  change  in  form  ?  These  are  questions  which  the  reader 
would  naturally  like  to  have  answered  and  no  one  would  more 
gladly  answer  them  definitely  than  the  writer,  if  he  could. 

The  visible  spectrum  of  the  Orion  nebula  consists  of  four  bright 
lines,  one  in  the  violet  which  coincides  with  one  of  the  four  prom- 
inent hydrogen  lines  in  the  solar  spectrum,  and  three  in  the  por- 
tion of  the  spectrum  where  the  green  and  blue  colors  meet.  One 
of  these  latter  is  in  the  place  of  a  hydrogen  line,  while  the  otlhers 
do  not  coincide  exactly  with  the  lines  of  any  known  substance, 
although  they  are  very  close  to  those  of  magnesium.  Mr.  W.  W. 
Campbell  has  recently,  with  the  powerful  spectroscope  of  the 
great  Lick  telescope,  been  able  to  see  and  to  photograph  several 
other  bright  lines  and  also  a  faint  continuous  background  in  the 
spectrum  of  this  nebula.  So  far  as  we  are  able  to  draw  any  con- 
clusion from  this  evidence,  it  would  seem  that  the  nebula  is  prin- 
cipally gaseous,  a  mixture  of  hydrogen  and  other  gases  unknown 
€is  yet,  in  a  glowing  state.  The  faint  continuous  spectrum  would 
seem  to  imply  that  there  is  also  some  solid  matter  there.  It  is 
not  safe,  however,  to  infer  that,  under  the  unknown  conditions 
which  exist  in  the  depths  of  space,  the  different  substances  will 
give  the  same  spectra  that  they  do  in  our  laboratories. 

As  to  the  distance  of  the  nebula  nothing  is  known  except  that 
it  is  not  measurably  nearer  or  more  distant  than  the  stars.  No 
measures  have  shown  as  yet  any  motion  of  the  nebula  with  refer- 
ence to  the  stars,  and  the  latter  seem  to  be  stationary  and  im- 
measurably distant  from  us. 

We  can  see  from  this  that  the  dimensions  of  the  nebula  must  be 
enormous,  beyond  our  powers  of  conception,  and  that  it  is  not 
strange  that  the  changes,  which  must  be  going  on,  cannot  be  de- 
tected from  year  to  year  to  year. 

There  is  food  for  the  imagination  here  and  room  for  question  to 
satisfy  the  most  speculative  minds.  To  what  end  is  this  vast  ex- 
panse of  fiery  mist  ?  What  mighty  and  mysterious  forces  are  at 
play  ?  Are  those  gigantic  outer  wreaths  moving  outward  or  are 
they  falling  in  toward  the  center?  Is  this  the  beginning  of  worlds 
or  is  it  the  end  ? 


Directioiis  in  the  Sky.— Young  observers  are  sometimes 
troubled  about  directions  in  the  sky.  In  the  celestial  sphere  the 
points  of  compass  have,  of  necessity,  a  meaning  which  may  seem 
different  from  that  which  we  attribute  to  them  on  the  Earth, 
^ort/i  always  means  toward  the  north  pole;  soatA,  from  it;  west, 
in  the  direction  of  diurnal  motion ;  east,  in  the  opposite  direction. 
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SHOOTING  STARS. 


How  to  Observe  Tbem  and  What  Tbej  Teach  Us. 


W.  p.  DBNNING. 


IX.     FiRBBALrLS. 

There  is  no  doubt  that  Fireballs  constitute  an  extremely  attrac- 
tive and  striking  class  of  meteoric  phenomena.  It  is  a  pity  that 
the  times  of  their  indindual  apparitions  cannot  be  definitely  pre- 
dicted, for  a  remarkable  degree  of  interest  would  then  centre  round 
them  and  the  public  would  witness  their  outbursts  with  intense 
pleasure.  Unfortunately,  however,  these  brilliant  objects  come 
suddenly  and  unannounced,  for  the  conditions  under  which  they 
appear  do  not  permit  their  times  of  appearance  to  be  exactly 
foretold.  In  a  general  way  it  is  quite  possible  to  indicate  a  night 
(as  for  example  August  10)  when  large  meteors  will  certainly 
come  into  view,  but  the  precise  minute  or  position  of  appearance 
of  the  individual  objects  cannot  be  predicted. 

Fireballs  exhibit  great  variety  in  their  visible  features.  Some 
move  slowly,  others  are  rapid ;  some  pass  silently  athwart  the 
sky,  others  produce  violent  detonations;  some  trav^erse  their 
courses  in  the  form  of  a  pear-shaped  ball  of  fire  leaving  no  lum- 
inous track  behind,  others  either  throw  ofif  trains  of  sparks  or 
generate  the  enduring  phosphorescent  streaks  so  characteristic  of 
meteors  which  move  swiftly.  In  color,  too,  and  in  visible  length 
of  path  and  direction  of  motion,  great  differences  are  met  with, 
in  fact  it  may  be  safely  said  that  no  two  fireballs  are  precisely 
similar  in  all  their  observed  features.  Sometimes  they  are 
brighter  than  the  Moon  and  abruptly  light  up  the  sky  and  land- 
scape in  a  manner  which  cannot  fail  to  startle  the  beholder. 
Nearly  every  one  sees,  at  one  time  or  another,  a  brilliant  example 
of  these  phenomena  and  the  effect  is  generally  so  sensational  as 
to  leave  an  indelible  impression  on  the  memory. 

It  is  highly  probable  that  fireballs  are  practically  identical  with 
ordinary  shooting  stars,  the  distinction  being  only  one  of  size. 
Fireballs  represent  the  largest  class  of  meteors  and  probably 
have  a  community  of  origin  with  the  tiniest  shooting  stars  seen 
in  powerful  telescopes.  Showers  like  the  Perseids  of  August  dis- 
play the  most  brilliant  fireballs  as  well  as  the  faintest  shooting 
stars,  and  they  appear  to  be  indiscriminately  mixed  together 
though  there  is  certainly  a  great  preponderance  of  the  latter 
class.  That  they  all  belong  to  the  same  parent  stream  is  mani- 
fest from  their  having  a  common  radiant  point. 

The  average  height  at  which  fireballs  become  extinct  is  about 
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30  miles,  but  in  some  instances  it  is  considerably  less  than  this, 
and  not  infrequently  bdow  15  miles.  Many  instances  might  be 
adduced  t9  show  that  the  elevation  at  disapx)earance  is  some- 
times as  low  as  6  or  10  miles,  but  the  material  of  these  bodies  is 
generally  exhausted  before  it  is  enabled  to  penetrate  so  deeply  as 
this  into  our  atmosphere.  One  of  the  largest  fireballs  of  recent 
years  appeared  over  England  on  Jan.  25, 1894  and  burst,  with  a 
report  like  thuader,  at  a  height  of  16  miles.  Just  before  its  dis- 
appearance it  exhibited  a  double  nucleus  and  created  a  brilliant 
effect  which  can  scarcely  be  described. 


PiRBBALLS  OF  JANUARY  26,  1894. 

It  is  most  unsatisfactory  to  reflect  that  though  fireballs  form 
events  which,  if  properly  utilized,  are  capable  of  greatly  extend- 
ing our  knowledge  of  meteoric  astronomy,  they  are  seldom  ob- 
served with  sufficient  accuracy  to  enable  their  real  paths  to  be 
exactly  determined.  Every  year  there  are  scores  of  fireballs  re- 
corded, but  it  is  only  in  rare  cases  that  an  investigation  affords  a 
good  result.  The  observers  of  these  apparitions  arc  generally  of 
a  very  miscellaneous  character  and  their  descriptions  are  often 
contradictory  and  untrustworthy.  A  definite  and  reliable  path 
can  seldom  be  extracted  from  such  records.  Two  observations 
alone,  if  made  by  experienced  eyes,  are  of  far  greater  value  than 
a  mass  of  observations  of  an  imperfect  and  erroneous  nature. 
No  doubt  the  sudden  and  unexpected  way  in  which  these  bodies 
appear  tends  to  confuse  the  ordinary  spectator,  and  he  retains  a 
very  hazy  impression  as  to  their  paths  and  durations  of  visibil- 
ity. With  regular  observers  the  case  is  different,  and  valuable 
details  are  sometimes  to  be  gleaned  from  a  discussion  of  their 
materials. 

Fireballs  are  sometimes  so  astonishingly  brilliant  as  to  be  visi- 
ble at  noonday  in  the  presence  of  bright  sunshine.  A  daylight 
meteor  of  this  character  was  visible  from  many  parts  of  England 
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on  Febuary  8, 1894.  It  appeared  about  30  minutes  after  noon 
and  fell  from  a  height  of  80  to  20  miles. 

There  are  certain  dates  in  the  year  when  large  meteors  are  par- 
ticularly numerous  and  it  is  desirable  to  ascertain  whether  this 
undue  frequency  is  not  in  certain  cases  attributable  to  active 
radiants  which  have  hitherto  escaped  prominent  notice.  Some 
years  ago  I  compared  many  hundreds  of  observations  of  fireballs, 
and  the  following  dates  were  those  of  greatest  firequency. 

January  2,21,  31 ;  Febuary  3,7,10;  March  1,2,  4;  April  11-12, 
19-20;  May  2,  4, 15,  31;  June  6-7,  22,  29-30;  July  11,  20-21,  25- 
30;  August  3,  5,  7-13,  15,  19-22;  September  1-2,  6-7,  11-13, 
25;  October  13,  15,  17-18,  22,  24,  29;  November  1-2,  4,  6-9, 
11-15, 19,  27;  December  8-9, 11-12,  21. 

It  will  be  seen  that  some  of  the  dates  correspond  with  the  well- 
known  showers  such  as  Lyrids,  Perseids,  Orionids,  Leom'ds, 
Gemenids,  etc. 

The  following  table  contains  the  heights,  etc,  of  some  of  the 
largest  fireballs  of  late  years,  but  the  list  is  necessarily  very  in- 
complete:— 


Date. 

Height  at 
Beginning 

Hetgbtat 
Ending. 

Lengt'b  of 
Path. 

Velodtj; 
milee. 

Badlant 
Point 

Aathorttj. 

milee 

milee 

miif 

per  ieo. 

1   s 

1868.  Dm    27 

HO 

26 

80 

20 

81  +  22 

A.S  H 

1884.  Axits.  8 

106 

82 

2ft 

29 

320-16 

A.  H.  H. 

DeS:    8 

90 

60 

76 

68 

96  +  80 

A.S.  H 

1866,  April  29 

62 

W 

76 

20 

78  +  47 

ASH. 

8«pt  24 

67 

88 

01 

23 

2+    2 

A.S    H. 

26 

107 

76 

900 

67 

69  •*-  26 

A.  S.  H. 

1868.  Sept    5 

260 

86 

1200 

28 

14-2 

O.  Yon  Nieed. 

18611.  Not.    6 

90 

27 

170 

86 

62  +  37 

A.S    U. 

1871,  Kuk.  61 

44 

40 

42 

7 

0  Hercolla 

A.  8  H 

1872.  July  23 

n 

67 

88 

246-11 

I  H.  Waller. 

1878.  Jooe  17 

101 

20H 

286 

18H 

247  —  19 

I  O.  GaU«. 

1874.  April  10 

46 

18V« 

62 

14 

19  +  67 

a.  Von  Nieed. 

AQff   10 

16 

63 

86 

19 

313-14 

A.  8.  H. 

1876,  Sept.  3 

76 

40 

86 

27 

8U  +  62 

O.  L.  T. 

7 

82 

22 

60 

18 

,       347  +  16 

0.  L.  T 

14 

62 

18 

104 

18 

848±    0 

O.  L.  T. 

1876.  April   • 

100 

20 

200 

26H 

17  +  67 

Q  Yon  Nieeel. 

Jbl7  26 

62 

27 

107 

26 

268-24 

ASH. 

Auk.  16 

69 

84 

180 

19 

310  - 10 

A.  8.  H. 

Sept.  24 

68 

16 

46 

16 

285  +  86 

A  8.  H 

lS77.Jan.  19 

76 

46 

280 

86 

186  +  27 

A.  8.  H. 

Mar.  17 

60 

29 

68 

19 

146-   4 

O.  L.  T 

April   6 

W 

20 

166 

81 

276  +  60 

A.  8.  H. 

Jane  14 

nr 

27 

J70 

42H 

212  +  12 

M.  Oreeoy. 

Not.  28 

95 

14 

186 

17% 

62  +  21 

O  L.  T 

1878.  Mar.  26 

60 

22 

130 

38 

832-20 

A  8.  U. 

April   2 

60 

16 

60 

14 

m  +  49 

G.  L.  T. 

Maj  12 

78 

17 

166 

16H 

214—   7 

A.  8.  H. 

Jane   7 

66 

87 

160 

19 

247-26 

A  8.  H. 

Jalj  29 

82 

20 

70 

28 

290  +  42 

A.  8.  H. 

1870.  Jan.  12 

40 

9 

124 

18 

188  +  19 

0  Yon  Nieeel. 

28 

100 

26 

194 

•low 

142  +  14 

D.  Klrkwooo. 

Feb.  21 

62 

6 

86 

21 

140  +  61 

A.  8.  H. 

1886,  Aag.    4 

90 

11 

168 

21 

161  +  59 

W.  F.  D. 

Not.  17 

96 

21 

128 

17H 

84  +  19 

W.  F.  D. 

1887.  Maj    8 

70 

14 

no 

18 

191—  6 

W.  F.  D. 

1888.  Aog  18 

78 

47 

46 

a»ift 

43  +  66 

W.  F.  D. 

1889,  Majr  29 

68 

28 

76 

m 

216-  7 

D.  Booth 

1891.  Sept.  80 

64 

24 

66 

13 

14+7 

W.  F.  D. 

1898.  April  16 

99 

40 

158 

•low 

16  +  69 

W.  F.  D. 

1894,  Jan.  26 

89 

16 

160 

18 

381  +  66 

W.  F.  D. 
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The  abbreviations  in  the  last  column  are  as  follows :—  A.  S.  H., 
Professor  A.  S,  Herschd,  G.  L.  T.,  Lient.-Col.  Tupman,  W.  F.  D., 
W.  F.  Denning. 

Some  of  the  results  quoted  are  not  very  exact,  bnt  they  are 
probably  as  reliable  as  the  circumstances  allow.  If  bodies  of  this 
character  were  only  observed  with  completeness  and  by  persons 
acquainted  with  the  essential  points  to  be  recorded,  then  a  few 
years  would  add  enormously  to  our  stock  of  materials.  The 
fireballs  included  in  the  list  are  but  a  few  amongst  the  many 
thousands  which  have  appeared  during  the  last  quarter  of  a  cen- 
tury. We  have  selected  only  a  few  drops,  as  it  were,  from  a  con- 
tinuous and  widely  dispersed  shower;  but  from  the  few  we  may 
perhaps  fairly  judge  of  the.general  character  of  them  all. 

At  a  future  time  when  the  science  has  grown  more  popular  and 
the  general  public  has  become  better  acquainted  with  its  require- 
ments the  exact  observation  of  fireballs  will  doubtless  be  more 
often  accomplished  than  at  present.  No  objects  come  more  often 
under  the  public  eye  or  excite  more  interest  than  these,  and  they 
deservedly  occupy  a  high  position  whether  we  regard  them  as 
popular  spectacles  merely  or  as  objects  capable  of  enhancing  our 
knowledge  when  critically  studied. 


E.  E.  BABNAKiyS  WORK  AT  LICK  OBSERVATORY.* 


8   W.  BURNHAM. 


During  the  obsetvations  of  comets  and  stellar  systems  at  Mt. 
Hamilton,  Barnard  found  many  new  nebulae  some  of  them  being 
of  more  than  ordinary  interest.  One  of  these  is  somewhat  note- 
worthy from  its  situation  and  history.  A  good  many  years  ago,  in 
1859,  the  Italian  astronomer  Tempel  found  that  the  star  Merope, 
one  of  the  bright  stars  of  the  Pleiades,  was  surrounded  by  a  large 
difiused  nebulosity.  This  was  so  difficult  to  see,  principally  on 
account  of  its  large  extent  as  compared  with  the  largest  field  of 
view  which  could  be  used  with  ordinary  instruments,  that  many 
observers  doubted  its  reality.  It  was  subsequently  shown  that 
the  failures  to  see  it  were  due  to  not  having  a  sufficiently  large 
field  to  give  the  necessary  contrast  of  nebula  and  sky ;  and  its 
existence  was  verified  later  by  photographs  made  at  Paris, 
Cambridge  and  elsewhere,  which  not  only  showed  a  greater  extent 

*  Contintted  from  April  number.     This  is  the  third  of  a  series  of  articles, 
portions  of  which  have  already  appeared  in  Harper'a  MaganaCf  August,  1893. 
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of  this  nebtila,  but  also  that  there  was  nebulous  matter'envelop- 
ing  all  the  other  bright  stars  of  the  Pleiades.  While  looking  at 
this  region  with  the  great  telescope  at  Mt.  Hamilton,  Barnard 
detected  a  small,  round  and  well  defined  nebula,  so  close  to 
Merope  that  it  was  involved  in  the  light  of  the  star.  It  was 
very  difficult  to  see  for  this  reason,  and  on  account  of  its  faint- 
ness,  and  it  would  be  overlooked  with  any  instrument  by  all  but 
the  most  expert  observlers  in  this  line  of  work.  It  is  unique  with 
respect  to  its  proximity  to  a  bright  star.  The  relative  positions 
of  the  two  objects  were  carefally  measured  so  that  any  change 
hereafter  can  be  detected.  In  the  same  general  locality  he  also 
discovered  an  interesting  nebula  of  the  planetary  class,  compar- 
atively few  of  which  are  known. 

His  long  experience  in  all  departments  of  the  photographic  art 
were  turned  to  practical  account  at  the  Lick  Observatory  in  the 
direction  of  celestial  photography.  He  was  the  first  to  photo- 
graph the  Milky  Way  and  show  the  wonderful  forms  of  its  struc- 
ture. This  work  attracted  wide-spread  attention,  and  down  to 
the  present  time  it  has  not  been  equaled  by  anyone.  Many  other 
specially  interesting  regions  of  the  sky,  as,  for  example,  the  Great 
Nebula  in  Andromeda,  the  Pleiades,  and  other  well-known  cen- 
tral points  of  interest,  have  been  photographed  by  him.  This 
work,  it  should  beremarked,  was  not  done  with  a  largeequatorial, 
or  with  a  telescope  of  any  kind,  but  with  a  large  portrait  lens, 
fastened  lo  an  equatorial  telescope  with  driving-clock  in  order  to 
follow  the  objects  during  the  exposure.  The  driving-clock  of  the 
instrument  is  used  to  keep  the  stars  at  the  same  general  point  on 
the  plate,  but  it  is  necessary  to  watch  the  finder  constantly  dur- 
ing the  whole  time  to  prevent  any  displacement  of  the  images 
from  accidental  or  other  causes,  and  this  was  a  very  laborious 
work,  since  some  of  the  exposures  were  continued  for  over  five 
hours. 

Among  other  specially  interesting  subjects  photographed  with 
the  same  instrument  was  the  comet  of  March,  1892.  This  was 
discovered  by  Dr.  Swift  of  Rochester  on  March  6th.  It  rapidly 
increased  in  brightness  and  became  somewhat  prominent  in  the 
morning  sky  in  the  early  part  .of  April.  It  was  photographed 
several  times  with  exposures  varying  from  one  to  two  hours,  and 
remarkable  results  were  obtained,  showing  the  division  of  the  tail 
into  several  distinct  streams  of  cometic  matter,  invisible  except 
in  the  photographic  plate,  which  took  place  in  the  structure  and 
appearance  of  the  tail  which  at  this  time  was  more  than  twenty 
degrees  in  length.    These  are  the  most  successful  photographs 
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ever  taken  of  a  comet.  This  was  the  largest  comet  visible  in  the 
northern  hemisphere  since  the  great  comet  of  1882.  The  motion 
of  the  object  during  the  exposure  is  shown  by  the  elongated  discs 
of  the  stars. 

The  total  eclipse  of  the  Son  of  January  1, 1889,  which  was  vis- 
ible in  Northern  California,  was  photographed  very  snccessfally 
with  a  non-photographic  telescope  of  three  inches  aperture,  and 
the  pictures  obtained  of  the  corona  have  not  been  surpassed  at 
any  time.  Comparatively  few  eclipse  pictures  in  the  last  fifteen 
years  have  been  very  successful  from  either  a  technical  or  scien- 
tific point  of  view. 

The  photograph  of  the  Great  Nebula  in  Andromeda  and  the 
region  surrounding  it  was  from  an  exposure  of  more  than  four 
hours.  This  shows  the  complete  structure  of  the  nebula,  and  the 
myriads  of  stars  surrounding  it.  The  negative  contains  not  less 
thar  64,000  stars,  and  of  this  number  less  than  half  a  dozen  are 
visible  to  the  naked  eye. 

The  visual  obseryations  at  Mt.  Hamilton  during  the  four  years 
he  has  been  connected  with  it,  embrace  a  wide  range  of  subjects. 
Asteroids,  nebulse,  double  stars,  planets,  the  Moon,  Sun-spots, 
meteors,  occultations,  eclipses,  etc.,  have  all  received  a  good  deal 
of  time  and  study.  In  many  instances  these  observations  will 
have  a  greater  value  a  century  hence  than  they  have  to-day. 

In  November,  1889,  the  rare  phenomena  occurred  of  an  eclipse 
of  lapetus,  the  eighth  satellite  of  Saturn,  in  the  shadows  of  the 
Ring  System  of  the  planet,  and  it  was  carefully  observed  by 
Barnard  for  the  purpose  of  determining  the  nature  and  density  of 
the  so-called  dark  or  crape  ring  of  Saturn.  The  observation 
established  the  remarkable  fact,  which  had  been  long  suspected 
but  not  entirely  proved,  that  this  mysterious  ring  discovered  by 
Bond  in  1850  is  really  transparent,  and  therefore  possibly  com- 
posed of  minute  portions  of  matter  surrounding  the  planet  like  a 
dense  swarm  of  satellites.  It  is  not  probable  that  these  particles 
will  ever  be  seen  separately  by  any  telescope.  The  effect  in  the 
most  powerful  instrument  is  simply  that  of  a  surface  with  the 
power  to  reflect  a  feeble  amount  of  light.  This  very  rare  phenom- 
enon of  the  eclipse  of  lapetus  was  the  first  ever  seen,  and  was 
witnessed  by  no  other  observer  in  the  world. 

In  1888  when  the  36-inch  telescope  was  first  mounted,  Mr. 
Alvan  G.  Clark  discovered  an  exceedingly  faint  star  within  Tra- 
pezium of  Orion.  A  good  many  mythical  stars  had  been  placed 
here  by  people  with  little  experience  in  this  kind  of  work ;  but  it 
was  long  ago  shown  that  they  were  purely  imaginary  stars,  and 
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that  instmments  like  the  IS^inch  at  Chicago  and  the  26-inch 
at  Washington,  both  of  them  more  powerful  than  any  used  in 
the  alleged  discoveries,  failed  to  show  tinder  the  most  favorable 
conditions  the  least  trace  of  any  star  within  the  famous  Trape- 
zium. The  Lick  telescope  revealed  this  star,  and  the  writer,  after 
having  repeatedly  measured  its  position  with  reference  to  the 
bright  stars  around  it,  has  no  hestitation  in  sa3ring  that  no 
other  telescope  in  the  world  can  show  it.  In  looking  at  this, 
Barnard  added  a  still  fainter  star,  within  the  Trapezium,  and 
also  detected  just  outside  of  this  area,  a  double  star  so  exces- 
sively faint  and  difficult  that  it  could  be  measured  on  only  one 
night  during  the  period  covered  by  the  other  measures  referred 
to.    No  other  double  star  like  this  is  known  in  the  heavens. 

In  February,  1892,  a  new  star  suddenly  appeared  in  the  con- 
stellation of  Auriga,  and  attracted  the  attention  of  astronomers 
everywhere.  It  was  readily  visible  to  the  naked  eye,  but  soon 
faded,  and  by  the  last  of  April  it  could  be  seen  only  in  the  most 
powerful  telescope.  Its  position  in  the  evening  sky  prevented 
astronomers  from  longer  following  it,  but  as  its  decrease  in 
light  had  been  uniform,  it  seemed  almost  certain  that  it  would 
continue  down  the  scale  of  magnitudes,  and  pass  beyond  the 
limit  of  human  vision  forever.  As  soon  as  this  region  could  be 
again  examined  in  the  early  morning  hours,  it  was  found  by  a 
number  of  observers  to  have  increased  in  magnitude,  so  that  it 
was  within  reach  of  an  instrument  of  not  more  than  three  inches 
aperture.  When  Barnard  turned  the  great  telescope  upon  this 
object,  he  saw  at  once  that  the  previous  star  had  become  the 
nucleus  of  a  small  bright  nebula.  This  wonderful  change,  the 
transformation  of  a  star  into  a  nebula  in  less  than  five  months, 
and  which  defies.all  theories  oflFered  in  explanation  of  the  original 
outburst,  has  been  confirmed  by  spectroscopic  observations  at 
Mt.  Hamilton  and  elsewhere.  The  history  of  astronomy  pre- 
sents no  authenticated  instance  of  a  similar  transformation, 
where  the  resulting  nebula  has  been  actually  visible  in  the  tele- 
scope. 

If  has  been  already  stated  that  from  the  beginning  of  his  work 
with  the  telescope,  Barnard  has  given  special  attention  to  the 
planet  Jupiter.  In  1890,  the  planet  was  observed  by  him  on 
forty-nine  nights  with  the  12-inch  equatorial  and  careful  meas- 
ures made  of  all  the  markings  on  the  planet.  In  September  of 
that  year  he  observed  the  singular  phenomenon  of  a  double  tran- 
sit of  the  first  satellite  across  the  disc  of  Jupiter.  Projected  on 
the  face  of  the  planet  it  appeared  distinctly  double  resembling  a 
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close  double  star,  tbe  components  being  slightly  unequal.  This 
remarkable  appearance  has  not  yet  been  accounted  for.  It  was 
probably  due  to  a  bright  belt  on  the  satellite,  similar  to  some  of 
those  on  Jupiter.  The  observations  would  imply  that  the  satel- 
lite in  its  revolution  about  Jupiter,  rotates  on  an  axis  nearly 
perpendicular  to  its  orbit,  as  in  the  case  of  our  own  moon.  The 
observations  might  also  imply  that  the  first  Moon  of  Jupiter  is 
really  double,  though  this  explanation  is  hardly  probable. 

In  July,  1892,  he  commenced  to  use  regularly  the  large  tele^ 
scope  on  one  night  each  week,  and  naturally  began  systematic 
observations  of  the  great  planet.  It  was  but  a  short  time  before 
the  superiority  of  the  largest  telescope  in  the  world  for  this  work 
was  made  manifest.  In  due  course  of  mail  the  writer  received  at 
Chicago  a  letter  from  Professor  Barnard  written  on  Saturday 
morning,  September  10,  stating  that  on  the  previous  evening 
(Friday)  at  about  midnight  he  had  observed  an  extremely  faint 
speck  of  light  very  close  to  Jupiter;  that  it  seemed  to  be  moving 
with  the  planet ;  and  that  he  strongly  suspected  it  was  a  new 
satellite.  He  said  that  it  was  so  difficult  with  the  large  tele- 
scope, that  he  was  unable  to  see  it  except  by  shutting  out  the 
light  of  the  planet.  The  suspected  star  was  found  by  the  obser- 
vations of  the  following  night  to  be  a  new  satellite,  and  on  Mon- 
day morning  the  whole  astronomical  world  was  electrified  by  the 
€Uinouncement  that  Jupiter,  observed  more  than  any  other  planet 
for  the  past  three  hundred  years,  had  a  fifth  moon,  revolving 
about  it  in  less  than  twelve  hours,  at  a  distance  from  the  surface 
of  the  planet  of  about  70,000  miles.  Since  that  time,  Barnard 
has  measured  its  position  at  every  available  opportunity  to  sup- 
ply the  data  for  accurately  computing  its  orbit.  He  finds  that 
its  periodic  time  is  11^  57°^  23M  and  that  its  distance  from  the 
center  of  Jupiter  is  112,500  miles.  From  careful  observation  it 
seems  to  shine  with  the  light  of  a  thirteenth  magnitude  star  and 
is  perhaps  less  than  one  hundred  miles  in  diameter,  which  makes 
it  a  vety  minute  world  indeed  as  compared  with  the  older  moons 
of  Jupiter.  The  four  satellites  discovered  by  Galileo  in  1610  vary 
from  2100  to  3500  miles  in  diameter,  and  revolve  around  the 
planet  in  times  varying  from  one  and  three-fourths  days  to  nearly 
seventeen  days.  The  distances  of  th^e  bodies  from  Jupiter  are 
from  260,000  to  1,162,000  miles.  How  much  more  interesting 
the  new  satellite  is,  will  be  obvious  from  these  comparisons.  It 
will  always  be  beyond  the  reach  of  all  but  the  largest  telescopes, 
and  can  then  be  seen  only  when  near  its  maximum  distance  from 
the  primary.    At  the  present  time  it  has  been  seen  by  Professor 
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Hough  with  the  18H-inch  telescope  of  the  Dearborn  observa- 
tory;  by  Professor  Young  and  Mr.  Reed  with  the  23-inch  at 
Princeton ;  by  Professor  Stone  with  the  26-inch  at  the  University 
of  Virginia;  and  at  Washington  with  the  26-inch  refractor  of  the 
Naval  Observatory. 

It  is  hardly  necessary  to  say  that  this  is  one  of  the  most  im- 
portant astronomical  discoveries  of  modem  times.  The  most 
powerful  telescopes,  and  the  most  skilled  observers  have  been  given 
to  the  study  of  this  planet,  and  while  the  investigation  of  the  sur- 
face has  revealed  new  details,  no  one  seems  to  have  hoped  to  add 
any  new  moons  to  the  four  discovered  by  Galileo  when  he  first 
turned  his  rude  instrument  on  the  planet  nearly  three  hundred 
years  ago. 

Still  more  recently  this  indefatigable  observer  made  another 
discovery  which  is  characteristic  of  the  originality  and  thorough- 
ness of  his  methods.  On  the  night  of  October  12,  he  discovered  a 
new  comet  by  photography.  A  photograph  of  the  Milky  Way  in 
the  constellation  of  the  Eagle  was  being  made,  and  an  exposure 
of  four  hours  and  a  half  was  given,  and  when  the  plate  came  to 
be  examined  after  development,  the  expert  photographer  recog- 
nized the  strange  visitor  by  its  motion  on  the  plate  during  tbe 
time  of  exposure.  On  the  following  evening  it  was  verified  and 
its  position  determined  by  the  micrometer  in  the  usual  manner. 
This  is  the  first  comet  discovered  by  photography,  and  is  conse- 
quently historical.  Singularly  enough  the  comet  has  been  found 
to  be  of  more  than  ordinary  importance  as  it  has  been  shown  to 
be  periodic,  its  revolutions  round  the  sun  being  accomplished  in 
about  six  years.  This  has  suggested  a  new  field  for  the  dis- 
covery of  comets,  and  it  is  not  unlikely  that  hereafter  many  such 
may  be  found  by  this  method. 

The  services  of  Professor  Barnard  in  the  line  of  original  astro- 
nomical research  have  been  recognized  by  scientific  societies.  He 
has  been  a  Fellow  of  the  Royal  Astronomical  Society  of  London, 
since  1887.  He  is  also  a  member  of  the  British  Astronomical 
Association,  the  American  Academy  of  Arts  and  Sciences,  the 
American  Association  for  the  Advancement  of  Science,  and  many 
other  learned  and  scientific  Societies.  In  1889,  the  Honorary 
Degree  of  M.  A.  was  conferred  upon  him  by  the  University  of  the 
Pacific  in  recognition  of  his  important  astronomical  work. 

It  has  been  the  privilege  of  the  writer  to  work  for  four  years  at 
the  Lick  Observatory  by  the  side  of  the  subject  of  this  sketch ; 
and  he  has  learned  by  a  very  intimate  acquaintance  and  friend- 
ship to  have  the  most  profound  respect  for  the  personal  qualities 
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and  scientific  acquirements  of  Professor  Barnard.  This  article 
does  but  scant  justice  to  either.  The  simple-minded  nature  of  the 
man,  his  unselfishness,  his  modesty,  and  genial  nature  are  most 
thoroughly  understood  and  appreciated  by  those  who  know 
him  best. 

[Since  the  foregoing  was  written,  Professor  Barnard's  Astro- 
nomical discoveries  hare  received  the  highest  recognition  of  the 
French  Academy  of  Sciences  by  the  award  to  him  in  January  of 
the  Lalande  gold  medal.] 


TESTING  OPTICAtr    GLrASS  FOR  THE  QUAtrlTY  OF  ITS  AN- 

NBAXrING. 


JOHN.  A.  BRASHBAR. 


Annealing  is  a  term  used  in  a  technical  sense  in  reference  to 
almost  any  material  worked  in  the  arts  which  has  a  crystalline 
structure,  and  which,  in  the  process  of  manufacture  is  brought 
up  to  high  temperature  and  then  allowed  to  cool  slowly. 


^" 


As  stated  in  one  of  our  former  articles,  the  perfect  annealing  of 
large  discs  of  optical  glass  is  a  most  difficult  matter,  and  the 
greatest  care  must  be  taken,  that,  at  the  critical  point,  the  low- 
ering of  the  temperature  shall  be  graduated  with  the  greatest 
delicacy  to  produce  the  best  results. 

Annealing  means  in  reality  that  the  molecules  shall  have  plenty 
of  time  given  them  to  fall  into  a  natural  or  normal  condition. 
Just  as  this  condition  is  conserved  will  the  glass  be  the  better  for 
optical  purposes.  With  small  discs  and  plates  the  process  is  not 
nearly  so  difficult  as  with  the  larger  discs. 
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It  is  fortttnate  that  the  condition  of  a  piece  of  glass,  as  far  as  its 
annealing  is  concerned,  is  easily  determined  before  a  lens  is  made 
from  it.  Were  it  not  so  and  the  optician  had  to  work  the  discs 
into  a  lens  before  he  could  know  for  a  certainty  that  the  glass 
was  good  or  bad,  many  precious  hours  lost  and  final  disappoint- 
ment would  be  the  result. 

In  the  figure  before  us  (inadvertently  placed  on  page  293  No.  7, 
of  this  Journal,)  we  have  the  method  illustrated. 

A  may  be  a  plate  of  ordinary  window  glass  or  plate  glass  Tar- 
nished with  black  varnish  on  the  under  surface,  or  it  may  be  a 
piece  of  black  muslin  or  oil  cloth,  one  side  of  which  has  some 
lustre.  This  should  be  laid  on  a  table  or  on  the  floor  so  that  a 
strong  light  fi-om  the  sky  or  light  clouds  shall  fall  upon  it,  pre- 
ferably discarding  any  direct  reflection  from  the  Sun.  This  black 
reflecting  surface  is  the  source  of  our  polarized  light.  The  plate 
of  optical  glass,  already  polished,  is  set  up  on  edge  at  an  cmgle 
approximately  as  given,  no  exactness  being  required,  although 
the  nearer  the  polarizing  angle  for  glass  56°  +  the  more  marked 
will  the  effect  be. 

A  small  nicol  prism  C,  —  one  a  quarter  of  an  inch  on  the  face 
will  answer,  —  is  now  placed  in  front  of  the  eye  D  and  directed 
toward  the  glass  and  source  of  light.  On  rotating  the  nicols 
prism,  a  black  cross  similar  to  a  maltese  cross  will  appear  and 
disappear,  provided  the  glass  is  fairly  well  annealed.  If  this 
black  cross  is  sjrmmetrical  in  shape  with  relation  to  the  shape  of 
the  disc  and  is  faintly  marked,  we  may  rest  assured  we  have  a 
fairly  well  annealed  disc,  and  the  less  marked  the  cross  the  more 
perfect  is  the  annealing.  So  feeble  is  the  black  cross  in  the  23'' 
discs,  noted  in  a  former  article,  that  their  remains  not  a  shadow 
of  a  doubt  that  the  annealing  in  this  case  leaves  little  to  be  de- 
sired. 

If  the  cross  is  strongly  marked,  but  symmetrical  and  has  no 
color  associated  with  it,  it  still  promises  well,  and  generally  a 
good  objective  can  be  made  from  it. 

It  sometimes  happens  that  the  cross  is  distorted;  at  other 
times  there  is  no  semblance  to  a  cross  and  the  figure  is  broken  up 
into  various  shapes.  In  this  case  the  disc  or  plate  is  i>oorly  an- 
nealed. It  may  also  show  color  which  is  fatal  to  good  work, 
and  the  glass  had  better  be  discarded.  It  is  not  our  intention  to 
give  the  rationale  of  these  phenomena,  as  they  may  be  found  in 
any  text-book  on  Optics,  but  suffice  it  to  say  that  the  one  satis- 
factory answer  is  this ;  if  the  molecules  of  the  glass  are  in  a  state 
of  strain,  or  in  an  abnormal  condition,  light  cannot  pass  through 
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it  naturally  or  normally,  and  hence  it  is  unfit  for  that  class  of 
objectives  demanded  in  astronomical  or  physical  research. 

A  more  delicate  method  of  testing  for  strains  is  to  use  a  con- 
cave silvered  mirror,  as  described  in  the  method  of  testing  for 
stris  in  the  March  number  of  this  journal,  page  292.  The  plate 
or  disc  to  be  tested  is  set  up  in  front  of  the  mirror  exactly  as 
there  described. 

We  now  need  an  additional  piece  of  apparatus  in  the  way  of  a 
thin  piece  of  selenite.  This  is  mounted  in  a  piece  of  cork  or 
cemented  on  a  plate  with  an  opening  in  the  plate  say  five  milli- 
metres diameter.  This  is  now  placed  in  front  of  an  opening  of 
the  screen  covering  the  lamp,  and  is  placed  near  the  center  of 
curvature  of  the  mirror  so  that  the  polarized  beam  may  be  re- 
turned through  the  glass  to  be  tested.  The  lamp  is  placed  to  one 
side  so  that  the  returning  beam  may  be  observed  by  the  aid  of 
our  nicols  prism. 

Examining  this  beam  which  has  passed  twice  through  our 
plate  or  disc  of  glass,  we  can  detect  very  minute  strains,  indeed 
few  pieces  of  glass  will  stand  this  delicate  test  without  showing 
some  molecular  tension.  However  the  first  method  is  sufficient 
for  all  practical  purposes  after  one  learns  how  to  **  diagnose  "  the 
appearances  brought  out  ^7  ^^^  tests  given. 


CONSTELrLATION  STUDY. 


WINSLOW  UPTON. 


VIII. 

In  this  article— the  last  of  the  series— we  are  to  consider  the 
constellations  of  the  fourth  division  of  the  sky,  which  is  between 
18  and  24  hours  right  ascension.  The  drcumpolar  groups  of  this 
division,  Draco  and  Cepheus,  were  discussed  in  the  IVth  paper. 
The  zodiacal  constellations  are  Sagittarius,  Capricornus  and 
Aquarius. 

Sagittarius.  There  are  two  prominent  characteristics  of  this 
group,  one  independent  of  the  figure  and  the  other  marking  the 
position  of  the  ircher's  bow.  The  former  is  the  "  Milk  Dipper," 
so  called  from  its  position  near  the  Milky  Way,  and  consists  of 
four  stars  forming  the  bowl  €uid  a  fifth  for  the  handle.  The  dip- 
per is  inverted,  when  the  constellation  is  near  the  meridian  in 
northern  latitudes.  The  star  at  the  end  of  the  handle,  X,  is  in  the 
Milky  Way  and  the  others,  ^,  <r,  C  and  r  are  east  of  it,  3^  to  5** 
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apart.  The  group  may  be  fotind  by  drawing  a  line  eastward 
from  An  tares  30°,  or  where  this  line  crosses  the  Milky  Way.  The 
lines  forming  this  dipper  are  not  drawn  on  Poole's  chart.  The 
second  characteristic  is  a  doubly  carved  line  of  stars,  running 
north  and  south  in  the  Milky  Way.  The  stars  are  ;i,  A,  d,  €  and 
7.  4P  west  of  the  middle  star,  <f ,  is  x,  which  marks  the  head  of  the 
arrow  projecting  beyond  the  bow.  The  bowl  of  the  dipper  is  in 
the  Archer's  shoulder,  and  the  only  other  conspicuous  star  of  the 
group  is  9r,  the  brightest  of  a  little  group  marking  the  head,  and 
situated  about  8°  north  of  the  bowl.  ;i  is  near  the  southern 
solstitial  point. 

Capticomas.  The  characteristic  figure  of  this  group  is  a  laige 
triangle  of  curved  sides,  composed  of  stars  which  are  rather  faint 
but  easily  traced,  and  resembling  a  spherical  triangle  as  it  might 
be  projected  on  a  plane.  The  curvature  of  the  northern  side  is 
towards  the  south  or  inwards,  while  that  of  the  others  is 
towards  the  southwest  and  southeast  respectively,  or  outwards. 
The  group  lies  in  the  relatively  vacant  region  northeast  of  Sagit- 
tarius. The  lines  are  drawn  on  the  chart,  but  are  partly  beyond 
the  limits  of  the  maps  in  this  issue  of  Popular  Astronomy.  The 
northwestern,  northeastern  and  southern  vertices  are  marked  by 
the  stars  a,  6  and  00  respectively,  the  last  named  the  faintest  of 
the  three.  In  the  classic  figure  the  head  of  the  goat  is  at  the 
northwestern  vertex  of  the  triangle. 

Aquarius,  This  group  occupies  a  large  area  situated  both 
north  and  east  of  Capricomus.  Its  most  interesting  feature  is  a 
little  triangle  of  faint  stars  veith  a  much  brighter  one,  C,  in  the 
.centre.  Tljis  lies  about  half  way  between  the  eastern  vertex  of 
-the  triangle  of  Capricomus,  and  the  southern  side  of  the  Square 
of  Pegasus  in  a  northeasterly  direction.  It  forms  the  Water  Pot ; 
And  from  the  southeasWn  side  of  the  triangle  may  be  traced  a 
curved  band  of  faint  stars  convex  towards  the  east  and  termin- 
ating in  the  brilliant  star  Fomalhaut  of  the  constellation  Pisds 
Australis.  The  two  brightest  stars  of  Aquarius  lie  west  of  the 
Water  Pot ;  a  is  6°  east  of  C,  and  /3  is  8°  southwest  of  a.  The 
stars  a  and  /3  mark  the  shoulders  of  the  Water  Carrier.  The  star 
^,  7°  south  of  the  line  Ca  is  in  the  body,  and  two  stars,  r  and  tf,  a 
little  east  of  the  straight  line  joining  C  with  Fomalhaut,  mark  the 
left  leg  of  the  figure.  One  arm  is  extended  toward  the  west, 
north  of  Capricomus,  in  which  several  stars  may  be  seen.  The 
chart  gives  a  different  plan  for  tracing  the  stars  of  this  constella- 
tion. 

The  only  constellation  readily  visible  in  the  middle  northern 
latitudes  south  of  these  zodiacal  groups  is  Pisds  Australis. 
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Piads  Australis.  This  is  also  called  Piscis  Austrimis  and  Piscis 
Notitis.  Its  chief  mark  is  the  first  magnitude  star  Pomalhaut, 
which  is  in  the  month  of  the  fish.  The  water  from  the  Water 
Pot  of  Aqnarius  is  represented  as  flowing  into  the  fish's  month. 

The  constellations  north  of  the  zodiac  will  be  described  begin- 
ning with  those  which  adjoin  the  drcnmpolar  gronps. 

Ljrra.  The  first  magnitude  star  Vega  makes  it  easy  to  find  this 
constellation,  which  lies  east  of  Hercules  and  south  of  Draco. 
Vega  with  two  fourth  magnitude  stars  2^  from  it  forms  a  small 
nearly  equilateral  triangle;  the  northernmost,  e,  is  a  famous 
quadruple  star.  Ordinarily  one  star  is  seen,  but  a  specially 
keen  eye  on  a  favorable  occasion  will  be  able  to  see  that  it  is 
really  a  double  star,  while  the  telescope  shows  that  each  of  the 
components  is  double  also.  Two  third  magnitude  stars,  /3  and  y^ 
about  6^  southeast  of  Vega,  and  forming  with  it  an  elongated  tri- 
angle,  complete  the  main  features  of  the  group.  Between  /3  and  y 
is  the  ring  nebula  of  Lyra,— a  beautiful  object  in  the  telescope.  A 
number  of  fainter  stars  east  of  those  described  can  be  readily 
traced. 

Cygnus.  The  characteristic  figure  of  this  group  is  the  Northern 
Cross,  which  lies  east  of  Lyra.  It  is  formed  of  five  stars,  four 
marking  the  extremities  of  the  bars  of  the  cross,  which  is  of  the 
Roman  form,  and  one  their  intersection.  The  star  at  their  inter- 
section, yj  is  a  little  east  of  the  actual  crossing  point  of  the  two 
lines  aft  and  ds^  but  the  figure  is,  (for  stellar  figures),  quite  exact. 
A  large  number  of  other  stars  are  in  the  area  called  by  the  name, 
but  only  one  compares  with  these  in  brightness,  C,  which  is  about 
7^  southeast  of  «,  the  line  eC  being  inclined  somewhat  to  the  short 
arm  of  the  cross.  The  long  bar  of  the  cross  forms  the  body  and 
neck  of  the  Swan,  and  the  short  arm  marks  the  position  of  the 
wings.  The  latter  can  be  more  fully  traced  by  continuing  the 
cross  arm  by  the  stars  C,  ;i,  on  the  south  and  9,  i,  x,  on  the  north, 
as  shown  on  the  chart,  and  a  group  of  small  stars  northeast  of 
this  broken  line  and  including  the  star  a  at  the  top  of  the  cross, 
encloses  the  area  occupied  by  the  extended  wings,  a  is  important 
because  of  a  brightness  which  places  it  almost  exactly  on  the  ar- 
bitrary diTiding  line  between  stars  of  the  first  and  those  of  the 
second  magnitude. 

Lacerta,  This  is  the  name  given  to  a  small  area  between  Cyg- 
nus and  Andromeda.  It  contains  no  conspicuous  stars,  two  of 
the  fourth  magnitude  marked  1  and  7  on  the  chart  being  the 
brightest. 
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Aquila  and  Antinous.  This  double  name  is  given  to  the  area 
east  of  the  southern  part  of  Hercules  and  of  Ophiuchus.  The 
name  Aquila  has  come  down  from  Ptolemy,  and  that  of  Antinous 
was  formally  assigned  to  the  southern  part  of  the  area  by  Tycho 
Brahe,  though  it  seems  to  have  been  used  also  by  Ptolemy  in 
designating  this  region  but  not  as  a  separate  constellation.  The 
eagle  is  represented  as  resting  upon  the  youth  Antinous  who  was 
a  favorite  of  the  Roman  emperor  Adrian.  The  characteristic  fig- 
ure is  a  line  of  three  stars  about  2®  apart,  the  middle  of  which  is 
Altair  or  a  Aquilse,  a  brilliant  first  magnitude  star.  In  the  north- 
western part  of  the  area,,  where  the  tail  of  the  eagle  is  drawn,  is 
a  third  magnitude  star,  C.  In  the  southern  part  of  the  area  oc- 
cupied by  Antinous  are  three  third  magnitude  stars,  <f,  0  and  A, 
(Aquike),  which  form  a  right-angled  triangle.  The  line  of  the 
three  stars  first  named,  x,  a,  /^,  leads  to  0  about  8°  beyond  >ff,  and 
the  line  6\  lies  west  of  d.  A  different  plan  for  tracing  this  group 
is  given  on  the  chart. 

Sagitta.  The  line  from  Altair  to  /3  Cygni,  the  star  marking  the 
foot  of  the  Northern  Cross,  intersects  a  line  of  three  fourth  mag- 
nitude stars  about  3^  apart,  the  western  of  which  has  a  compan- 
ion of  equal  brightness  south  of  it.  These  four  stars  mark  the  Ar- 
row. 

Delphinus,  Bast  of  Aquila  is  an  easily  recognized  group,  con- 
sisting of  four  stars  forming  a  small  quadrilateral  and  a  fifth 
star  south  of  the  four.  This  is  the  characteristic  figure  of  the 
Dolphin. 

Vulpecula.  This  name  is  given  to  the  area  immediately  north 
of  Sagitta  and  Delphinus  and  south  of  Cygnus.  There  is  no  con- 
spicuous star  in  the  area,  the  brighest,  numbered  1  on  the  chart, 
being  a  fourth  magnitude  star,  and  lying  near  the  neck  of  the 
Goose  which  the  Fox  holds  in  his  mouth. 

Pegasus.  The  characteristic  feature  of  this  large  area  is  the 
Square,  composed  of  three  third  magnitude  and  one  second  mag- 
nitude stars,  forming  a  qu€^drilateral  whose  sides  are  about  18^ 
in  length.  It  is  in  the  eastern  part  of  the  area,  and  the  eastern 
side  nearly  marks  the  equinoctial  colure.  The  northeastern  star 
is  on  the  boundary  between  Andromeda  and  Pegasus  and  is  usu- 
ally known  as  a  Andromeds,  though  Bayer  called  it  also  S 
Pegasi.  Adjoining  the  northwestern  star  >S  is  a  third  magnitude 
star  tf,  which  marks  the  position  of  one  leg  of  the  Winged  Horse. 
The  neck  and  head  are  traced  by  the  three  stars  C,  0  and  fi,  the 
two  former  in  line  with  the  southwestern  star  of  the  Square,  the 
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line  mnnitig  southwest,  and  e  bearing  northwest  from  0  and  dis- 
tant about  8^. 

Eqaaleas.  This  name  is  retained  from  Ptolemy  for  the  small 
area  between  e  Pegasi  cmd  Delphinus.  A  few  faint  stars  may  be 
noted,  marking  the  head  of  the  Little  Horse,  which  is  the  only 
part  of  the  animal  represented. 

Scutum,  This  name  refers  to  the  shield  of  Sobieski,  and  the 
word  Sobieski,  Sobieskii,  Sobiesii  or  Sobiesciannm  is  sometimes 
added.  The  last  named  was  that  used  by  Hevelius  who  is  respon- 
sible for  the  constellation.  It  occupies  the  small  area  north  of 
Sagittarius,  between  Aqiiila  and  Serpens.  West  of  X  Aquilse  may 
be  seen  six  or  seven  faint  stars  somewhat  scattered,  which  are  in 
the  area  thus  named. 

The  celestial  equator  passes  through  the  constellations  Aquila 
and  Aquarius.  It  is  about  8^  south  of  Altair  and  about  1®  north 
of  a  Aquarii.  The  ecliptic  passes  through  the  constellations  in 
which  the  Sun  moves  in  the  winter  months.  At  the  winter  sol- 
stice the  Sun  is  near  /^  Sagittarii,  and  in  January  he  journeys 
through  the  northern  part  of  that  constellation.  In  February  he 
passes  through  Capricomus,  crossing  the  southwestern  and 
northern  sides  o\  the  triangle  marking  that  area.  In  the  latto: 
part  of  the  same  months  he  is  about  8®  south  of  the  Water  Pot 
of  Aquarius. 

The  constellations  of  this  division  are  best  studied  in  the  even- 
ings of  the  summer  months.  The  following  are  the  positions  of 
the  leading  stars. 

Approximatb  Positions  of  the  Leading  Stars  in  the  Con- 
stellations Between  XVIII"*  and  XXIV^  Right  Ascen- 
sion, OmTTING  CmCUMPOLAR  CONSTELLATIONS. 

Ltka. 


«fne. 

Maffnitnde.       Ri^ht  Aacenaioii. 

Declination, 

h      m 

0       / 

a 

0.2 

18    34 

+  38    41 

fi 

3.6 

18    46 

33    14 

r 

3.2 

18    55 

Ctgkus. 

32    34 

fi 

3.1 

19    27 

+  27    45 

6 

3.0 

19  42 

44    S3 

r 

2.3 

20    19 
20   38 

39    56 

a 

1.5 

44    55 

e 

2.7 

20    42 

33    35 

C 

3.5 

21        9 

Lacbsta. 
No  biijcht  start. 

29    49 
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Aquila. 

Name. 

Magnitude.       Risht  Ascentioii. 

DecUnatlon. 

h       m 

0      / 

C 

H 

19       I 

+  13    43 

A 

3.6 

19       I 

-    5      2 

6 

1:1 

19      20 

+   2    55 

r 

19     42 

-|-  10    22 

a 

I.O 

19     46 

--    8    36 

a 

4.0 

19      50 

+  ^    2 

e 

3.4 

20      6 
Sagitta. 
No  bright  stars. 
Delphinus. 

-    I      8 

c 

4.1 

20    28 

+  10    58 

p 

3.7 

20    33 

14    15 

a 

4.0 

20    35 

15    33 

d 

4.6 

20    39 

14    43 

r 

4.0 

20    42 

VULPBCULA. 

No  bright  stars. 
Pbgasus. 

15    46 

r 

3-0 

0      8 

+  14    38 

e 

2.4 

21    39 

9    25 

e 

3.8 

22    36 

5    42 

C 

3.6 

10    18 

^7 

3-3 

22    38 

29    42 

P 

2.6 

22    59 

27    32 

a 

2.6 

23      0 
Equuleus. 
No  bright  stars. 

Scutum. 

No  bright  stars. 

Sagittarius. 

14    40 

r 

3.0 

^l    59 

-30    25 

M 

4.1 

18      8 

-36    4! 

1 

3-0 

18    II 

2.8 

18    14 

-29    53 

e 

2.1 

18    17 

-34    26 

X 

3.1 

18    22 

—  25    28 

*P 

3-3 

18    39 

-27      6 

6 

2.3 

18    49 

-26    26 

C 

2.9 

18    56 

-30      I 

r 

3.5 

19      I 

-27    49 

n 

31 

19      4 
Capricornus. 

—  21     II 

a 

3.8 

20    12 

-12    52 

P 

3.4 

20    is 

-25    38 

* 

4.3 

20    40 

00 

4.4 

20    46 

—  27    18 

$ 

t:i 

21      0 

-17    38 

c 

21    21 

—  22    51 

r 

3.8 

21    34 

-17      7 

d 

3.0 

21    42 

-16    35 
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Aquarius. 

Name. 

0 
a 

e 

c 

6 

Magnittide.       Right  Atcenaion. 
h       m 

3.1  21     26 

3.2  22       I 

4.3  22      12 
3.8                           22      24 

3.4  22     49 

PISCI8  AUSTRALIS. 

Declination. 
0         / 

-  6      I 

-  0    48 

-  8     17 

-  0    32 

-  10    22 

a 

1.3                           22      52 

-  30      9 

In  these  articles,  onlv  casual  mention  bas  been  made  of  constel- 
lations which  cannot  be  well  stndied  by  observers  in  the  United 
States  or  in  similar  northern  latitudes.  It  may  not  be  out  of 
place  however  to  allude  more  fully  to  the  constellations  of  the 
southern  hemisphere.  As  the  early  observers  were  in  the  north- 
em  hemisphere,  only  the  constellations  visible  to  them  have  the 
peculiar  authority  which  dim  antiquity  gives.  Ptolemy  gives 
two  constellations  only,  Ara  and  Corona  Australis,  in  the  south- 
ern sky.  These  are  inaccessible  to  most  northern  observers. 
Bayer  about  1600  A.  D.  added  twelve,  not  from  personal  inspec- 
tion but  probably  from  records  of  navigators.  In  the  17th  and 
18th  centuries  many  others  were  added,  especially  by  LaCaille  as 
the  result  of  his  own  observations  at  the  Cape  of  Good  Hope. 
While  the  attempt  was  made  to  follow  the  ancient  plan,  the  new 
constellations  were  much  smaller  than  the  old  and  there  was  no 
general  agreement  as  to  their  adoption.  Several  eminent  astron- 
omers of  this  century  have  attempted  to  remove  the  discrepancies 
and  perfect  a  system  which  shall  meet  with  general  favor.  It 
should  be  remembered  that  while  the  need  of  such  revision  is 
quite  apparent  to  the  student  of  the  skies,  the  use  of  the  constel- 
lations is  of  such  minor  importance  in  the  science  of  astronomy 
that  relatively  little  interest  is  taken  in  the  subject,  which  is  so 
largely  of  antiquarian  value  merely.  The  slow  process  of  "grad- 
ual consent"  however  tends  to  the  acceptance  of  the  groupings 
of  Ptolemy,  Bayer  and  La  Caille  with  few  alterations,  and  to 
the  rejection  of  nearly  all  of  those  suggested  by  other  observers. 
Even  thus,  the  system  is  not  satisfactory,  but  there  are  no  diffi- 
ctdties  in  it  which  are  not  inherent  in  the  whole  subject  of  the 
constellations,  formed  as  they  are  on  the  capricious  plan  of  the 
ancients. 

It  is  not  intended  to  offer  any  detailed  description  of  the  south- 
em  constellations,  but  it  may  be  well  to  close  the  subject  by  giv- 
ing a  simple  list  of  those  which  are  generally  accepted.     The  fol- 
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lowing  table  therefore  contains  their  names.  The  order  is  from 
35°  south  declination  towards  the  south  pole  and  the  groups 
are  given  in  the  four  divisions  adopted  in  these  articles.  The  list 
may  be  regarded  as  an  extension  of  the  table  given  on  page  59  of 
this  volume  of  Popular  Astronomy. 

Constellations  South  of  Declination  —35°. 

L  II.  III.  IV 


Caela  Scnlptoris. 

Pomax. 

Phoenix. 

Bqnus  Pictoris. 

Horologium. 

Dorado. 

Reticulurn. 

Mons  Mensse 

Hydrus. 


Antlia    Pneumati- 

ca. 
Piscis  Volans. 
Cbamsleon. 
(The  lari^er  part  of 

this    division    is 

occupied   by  Ar- 

go  Navis.) 


Norma. 

Ara 

Circinus. 

Crux. 

Triangulum  Aus- 

trale. 
Musca. 
Apus. 


Sculptor. 

Grus. 

Microscopium. 

Corona  Australis. 

Indus. 

Telescopium. 

Toucan 

Pavo. 

Octans. 


Argelander  adds  Machina  Electrica,  Nubecula  Major  and  Nub- 
ecula Minor  to  the  first  division  of  this  list.  Poole's  hand-book 
omits  these  and  also  Caela  Sculptoris,  Norma,  Microscopium  and 
Telescopium,  according  to  the  decision  of  Baily  in  the  British  As- 
sociation Catalogue.  Gould  in  the  Uranoraetria  Argentina,  adds 
Pyxis  Nautica  to  the  lid  division.  All  of  the  atlases  subdivide 
Argo  into  three  or  four  parts  named  Carina,  Puppis,  Vela,  and 
Malus.    The  last  corresponds  with  Pyxis  Nautica. 

As  stated  in  the  first  paper  of  this  series,  it  is  impossible  to 
state  the  exact  number  of  the  constellations  in  tiiesky  on  account 
of  the  differences  in  the  southern  sky.  Adopting  the  list  as  here 
given,  the  total  number  is  85,  one  of  which,  Argo,  is  in  four  sub- 
divisions. The  number  given  by  various  writers,  based  on  the 
work  of  different  astronomers  would  be  upwards  of  a  hundred.* 


THE  PLEIADES. 


WM.  W.  PAYNE. 


As  a  group  of  stars  tjie  Pleiades^has  attracted  more  attention, 
in  ancient  or  in  modern  times,  than  any  other  cluster  known  to 
Astronomy.  When  above  the  horizon  the  group  is  easily  seen  by 
the  naked  e3'e,  because  of  its  definite  outline  and  its  bright  and 
beautiful  light.  Long  ago  the  sacred  writer  said  of  it :  *'  Canst 
thou  bind  the  sweet  influences  of  the  Pleiades?"    Whatever  that 


See  Chambers  Astronomy,  ed.  1890,  III,  chap.  VH. 
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PLATE  XXII. 


The  Pleiades  Nebula  and  Trail  of  Asteroid 

No.   203  POMPEJA. 

From  a  Photoipraph  by  H.  C.  WilBon  at  Goodsell  Observatory 
Jan.  30. 1894.    Exposure  4  hours. 

Popular  Astronomy,  No.  10. 
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may  mean,  in  fact  or  figare,  it  certainly  can  not  be  less  than  the 
mystic  reveries  of  those  ancient  untutored  races  who  saw  in 
them  the  seven  benificent  sky- spirits  of  the  Vedas  and  the  2^da- 
vesta,  and  the  abode  of  Diety  himself,  became  the  center  of  the 
universe.  The  time  of  the  Pleiades  was  the  beginning  of  the  year 
for  some  primitive  peoples,  for  others,  the  midnight  culmination 
of  the  group  was  the  sign  for  great  feasts  and  royal  mercy  and 
favor  for  every  petit;Joner.  Even  now  savage  Australian  tribes 
dance  in  honor  of  the  ** Seven  Stars"  because  they  are  good  to 
the  black  fellows.*  They  are  called  "  the  hoeing  stars  of  South 
Africa  and  their  last  visible  rising  after  sunset  is,  and  has  been, 
celebrated  with  rejoicing  all  over  the  southern  hemisphere  as  be- 
tokening the  waking-up  to  agricultural  activity."  The  influence 
of  the  Pleiades  has  been  wide-spread  and  unique  in  all  time,  and 
modem  science  has  not  yet  set  a  limit  to  the  wonders  of  their 
starry  realm. 

At  the  present  time  six  stars  of  the  group  are  easily  seen  by  the 
naked  eye.  Their  names  are:  Atlas,  Alcyone,  Merope,  Maia, 
Taygeta  and  Electra.  By  referring  to  the  accompanying  plate 
these  and  others  less  bright  may  be  readily  identified.  The  two 
bright  stars  on  the  left  hand  side  are  Pleione  and  Atlas.  Pleione 
is  above  Atlas  and  they  are  midway  in  the  plate  from  top  to  bot- 
tom. Alcyone  is  in  the  middle  of  the  plate  with  three  little  stars 
on  the  left  and  surrounded  with  a  faint  nebulous  halo.  The  won- 
derful Merope  is  next  and  a  little  below.  It  looks  somewhat  like 
the  nucleus  of  a  telescopic  comet  with  the  tail  pointing  down- 
ward and  to  the  right.  The  star  and  the  nebula  beat  the  same 
name  and  are  wonderful  objects.  Notice  the  numerous  parallel 
channels  in  that  vast  nebulous  mass.  Maia  is  next  above  form- 
ing nearly  a  right-angled  triangle  with  Alcyone  and  Merope.  It 
is  surrounded  by  a  nebulous  halo.  A  little  to  the  right  and  above 
is  Taygeta.  The  sixth  bright  star,  Electra,  is  on  the  right  side  of 
the  plate  about  midway  from  top  to  bottom.  It  has  a  nebulous 
streak  from  it  to  the  left.  Stronger  eyes  will  see  five  more  stars 
in  the  group.  Pleione  is  one,  the  two  stars  by  the  one  name,  As- 
terope,  looking  as  one  just  above  Maia  make  two  usually  harder 
to  see  by  the  unaided  eye.  The  third  is  Celseno  nearly  midway 
between  Taygeta  and  Electra,  and  the  fourth  and  fifth,  not  especi- 
ally named,  are  seen  respectively  at  the  bottom  and  the  top  of  the 
plate.  Alcyone  is  a  third  magnitude  in  brightness,  Electra  and 
Maia  are  about  3.8  magnitude,  Maia  is  4th,  Merope  and  Taygeta 


•  date's  System  of  the  Stern,  p.  221. 
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are  not  so  bright  as  Maia  by  respectively  a  quarter  and  a  half 
magnitude  and  Celaeno  is  a  7th  magnitude. 

The  word  Pleiades  is  from  the  Geeek,  meaning  full  or  complete, 
so  that  it  is  not  certain  that  the  name  limits  the  number  of  stars 
visible  to  the  naked  eye  in  ancient  times,  although  the  number 
seven  is  frequently  applied  to  the  group  in  such  records.  How- 
ever it  seems  probable  that  seven  stars  could  be  as  easily  seen  in 
the  past  as  the  six  that  are  now  commonly  visible.  Professor 
Pickering  suggests  the  probable  explanation  from  a  study  of  its 
spectrum  that  Pleione  is  the  missing  Pleiad,  as  its  variable  char- 
acter might  account  for  its  fall  to  6.2  magnitude.  The  record  of 
naked-eye  observations  on  this  group  of  stars  is  an  instructive 
one.  Moestlin  in  the  time  of  Kepler  saw  14  and  mapped  11  with 
surprising  accuracy.  This  was  before  the  time  of  the  telescope. 
Miss  Airy  of  England  has  marked  the  places  of  12.  Carrington 
and  Denning  have  counted  14,  and  Carl  von  Littrow  spoke  o 
seeing  16,  and  that  11  were  frequently  perceived. 

An  opera  glass  helps  the  eye  amazingly  in  the  study  of  the  group 
in  regard  to  color  and  number.  Nearly  one  hundred  stars  come 
out  at  once  on  the  astonished  gaze,  25  of  which  are  of  the  7th 
magnitude  or  brighter,  with  many  others  less  bright,  and  yet  dis- 
tinct enough  to  count  with  certainty. 

In  a  region  about  Alcyone  covering  an  area  of  135'  by  90',  M. 
Wolf,  in  1876,  catalogued  at  the  Paris  Observatory,  625  stars  to 
the  fourteenth  magnitude.  M.M.  Henry's  sensitive  plates  showed 
in  a  smaller  space  1,421  in  1885,  and  by  four  hours  exposure 
in  1887  the  same  space  revealed  the  astonishing  number  of 
of  2,326,  including  stars  undoubtedly  as  small  as  the  sixteenth 
magnitude.  The  meaning  of  this  statement  may  be  more  fully 
realized  when  we  remember  that  the  sharpest  eye  unaided  can 
never  see  well,  at  one  time,  more  than  2,000  or  3,000  stars.  Be- 
fore the  time  of  telescopes  the  total  number  of  stars  that  the  an- 
cient observers  could  see  well  enough  for  record  was  1,100.  The 
marvelous  thing  in  the  count  on  the  Henry  photograph  is  the 
fact  that  2°  15'  by  about  1"^  30'  of  the  space  occupied  by  the  Plei- 
ades' group  contains  stars  enough  to  fill  the  whole  sky,  if  the 
2,326  were  brought  near  enough  to  us  and  sown  broad-cast  in 
the  sky  as  the  lucid  stars  now  appear. 

The  accompanying  plate  covers  a  little  smaller  area  than  the 
Henry  photograph  just  referred  to,  and  our  reproduction  from 
the  original  negative  has  occasioned  the  loss  of  many  of  the 
stars  plainly  shown  in  making  positives  or  pictures  of  any  kind 
from  the  original  photograph. 
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Another  nseftil  line  of  work  on  the  Pleiades  gronp  is  the  meas- 
nrement  of  the  distances  and  positions  of  all  the  principal  stai^ 
from  the  central  one,  Alcyone.  This  has  been  very  carefully  done 
three  or  fonr  times  daring  the  last  fifty  years,  so  as  to  obtain 
data  for  the  study  of  the  relative  motions  of  these  stars  in  order 
to  learn  something  about  the  physical  constitution  of  the  group. 
Dr.  Elkin  of  the  Yale  Observatory  has  also  recently  done  some 
work  of  a  similar  kind  by  the  aid  of  a  fine  heliometer,  which  is 
sometimes  called  a  survey  of  the  Pleiades  by  triangulation.  His 
results  are  useful  in  getting  the  exact  time  of  the  occultation  of 
stars  in  the  group  by  the  Moon  as  she  moves  rapidly  through 
it,  by  knowing  the  exact  place  of  each  star  so  occulted. 

The  most  surprising  advance  in  our  knowledge  of  the  Pleiades 
is  the  discovery  of  vast  nebulous  masses  scattered  over  |a  large 
portion  of  the  area  of  this  cluster.  If  we  except  some  earlier  ac- 
counts that  seem,  doubtful,  the  first  observer  that  called  atten- 
tion to  nebulous  matter  in  the  Pleiades  was  Tempel,  an  Italian 
astronomer,  in  the  year  1859.  His  drawing  is  found  in  No  5 
of  the  publications  of  the  Milan  Observatory,  and  represents  a 
hazy,  comet- like  mass  surrounding  Merope  and  extending  south- 
ward from  it  to  the  distance  of  half  a  degee.  In  1882  Mr.  E.  B. 
Barnard  then  of  Nashville,  Tennessee,  observed  this  nebnla  with 
a  small  telescope  and  made  a  drawing  of  it  which  was  published 
in  No.  3  of  the  Sidereal  Messenger  of  that  year.  Quite  generally, 
however,  astronomers  were  in  doubt  in  regard  to  the  existence  of 
this  nebula,  some  claiming  that  search  for  it  with  first  class  in- 
struments bad  been  fruitless,  while  others  maintained  that  its  ex- 
treme faintness  made  its  form  and  extent  very  uncertain.  In  1886 
the  Henry  brothers  of  Paris  photographed  the  Pleiades  cluster 
showing  plainly  traces  of  the  nebula  that  could  not  be  mis- 
taken. 

In  the  years  immediately  following  the  study  of  the  quality  of 
photographic  plates  was  vigorously  pushed  forward  until  in  the 
years  1888  and  1889  the  highly  sensitive  film  came  into  use,  after 
which  it  became  possible  to  get  by  the  aid  of  such  plates  most 
wonderful  details  in  nebular  structure  never  before  dreamed  of. 
The  strange  and  complex  back-ground  of  this  cluster  as  seen  in 
our  picture  is  a  good  example  of  the  progress  in  astronomical 
knowledge,  which  has  been  made  by  the  aid  of  photography  in 
many  directions. 

A  few  years  ago  the  best  telescopes  visually  gave  only  hints  of 
what  we  now  photograph  easily  with  small  instruments.  In 
this  cluster  the  stars  Alcyone,  Merope,  Maia  and  Blectra  are  ftll 
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involved  in  this  vast  nebulous  mass.  Alcyone  seems  to  be  sepa- 
rated from  the  others  except  by  a  branch  from  its  surrounding 
nebula  that  makes  a  crooked  path  to  the  main  nebula,  involving 
the  other  three  stars,  and  which  can  be  traced  right  through  that 
nebula,  as  a  line  of  light,  to  the  star  Electra.  Another  faint  line 
of  light  may  be  traced  through  three  stars  above  Alcyone  which 
is  nearly  parallel  to  the  streak  just  mentioned.  Other  similar 
features  can  be  seen  on  the  original  negative  but  mention  of  them 
here  is  not  necessary  in  order  to  give  the  reader  a  good  general 
idea  of  the  beauty  and  excellence  of  photographs  that  can  be 
made  at  the  present  time  with  instruments  adapted  to  such  kind 
of  work. 

As  we  close  this  description  of  the  Pleiades,  we  must  call  atten- 
tion to  the  little  planet  trail  of  Pompeja,  asteroid  No.  203,  which 
will  easily  be  found  near  the  right  hand  lower  comer  of  the  plate. 
Its  place  is  three  quarters  of  an  inch  from  the  bottom  and  about 
one-fourth  of  an  inch  inward  from  the  right  hand  side.  The 
trail  is  about  one-sixteenth  of  an  inch  long,  and  although  rather 
faint,  when  once  seen,  it  will  afterwards  be  recognized  at  a 
glance.  It  ought  also  to  be  added  that  the  negative  from  which 
this  plate  was  made  also  contained  the  trail  of  another  asteroid, 
which  was  detected  on  it  by  the  careful  scrutiny  of  Dr.  Wilson  of 
Goodsell  Observatory.  The  last  named  asteroid  proved  to  be  a 
new  one,  so  Dr.  Wilson  has  been  credited  with  the  discovery  of  it. 
Its  place  can  not  be  shown  on  this  plate  because  it  is  not  large 
enough. 


VARIABLE  STARS. 


J.  A.  PARKHURST. 


VIII. 


The  current  literature  of  variable  stars  indicates  that  interest 
in  the  subject  is  general  and  increasing.  This  interest  is  not 
diminished  by  the  fact  that  a  prize  of  $200  has  been  offered 
through  the  medium  of  the  Astronomical  Journal  for  the  best 
series  of  determinations  of  maxima  and  minima  of  variables, 
made  during  the  two  j'ears  ending  1895,  March  31.  The  judges 
who  will  make  the  award  are  Asaph  Hall  of  the  U.  S.  Naval 
Observatory,  S.  C.  Chandler,  of  Cambridge,  Mass.,  and  Lewis 
Boss,  of  the  Dudley  Observatory,  Albany,  N.  Y. 
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Journal  of  the  British  Astronomical  Association. 

In  No.  2  of  Vol.  IV.  Mr.  C.  E.  Peek  of  Rousdon  Observatory 
has  an  article  on  the  long-period  variables  4511  T  Ursae  Majoris, 
and  7779  SCephei,  which  have  beencontinnously  watched  at  that 
Observatory  since  1886.  For  T  Ursae  Majoris  10  maxima  and  10 
minima  are  given.  The  period  adopted  is  255.5  days,  the  devia- 
tions from  the  mean  averaging  17  days  for  the  maxima  and  16 
for  the  minima.  The  magnitudes  at  maximum  range  from  5.5 
to  8.0,  at  minimum  from  12.3  to  13.6. 

For  S  Cephei  6  maxima  and  5  minima  are  given.  The  mean 
period  is  488  days  (Chandler's  Second  Catalogue  gives  484 
days),  the  deviations  therefrom  averaging  32  days  for  the  max- 
ima and  31  days  for  the  minima.  The  magnitudes  at  maximum 
ranged  from  8.0  to  9.7,  and  at  minimum  from  11.5  to  13.7  **  with 
a  tendency  to  become  fainter  at  successive  minima. "  The  mag- 
nitudes are  on  the  Harvard  College  photometric  scale.— 

Astronomical  Journal. 

Three  numbers  of  Vol.  XIV  have  appeared  during  March  and 
April.  Of  the  25  articles  in  these  three  numbers,  6  are  on  varia- 
ble stars. 

In  No.  313  Dr.  L.  De  Ball  of  the  Von  Kuflfher  Observatory, 
Vienna,  gives  details  of  a  maximum  of  the  new  variable  1805  V 
Orionis,  occurring  near  the  middle  of  February,  1891.  In  No. 
315  P.  S.  Yendell  describes  his  observations  of  this  star  during 
the  past  veinter,  showing  a  maximum  of  8.4  magnitude,  1894 
Jan.  13.  By  comparison  with  De  Ball's  observations  Mr.  Yendell 
deduces  a  period  of  267  days.  No  minimum  of  this  star  has 
been  observed.  I  was  able  to  follow  it  till  April  5  when  it  had 
fallen  to  about  the  12th  magnitude.  After  that  date  it  was  too 
faint  to  be  seen  so  near  the  sun.  It  will  be  visible  in  the  morning 
at  its  next  maximum  which  will  probably  occur  in  October  of 
this  year,  and  in  the  evening  at  the  following  minimum  which 
may  be  expected.about  1895,  March  1. 

In  No.  313  Mr.  A.  W.  Roberts,  of  Lovedale,  South  Africa,  des- 
cribes his  observations  of  two  new  short  period  variables;  the 
first  in  R.  A.  10>^  28"  29«,  Decl.  —  57^  51^  having  a  period  of  3.6 
days  and  a  range  from  7.8  to  8.6  magnitude;  the  second  in  R.  A. 
15"^  56~,  Decl.  —  62^  31'  with  a  period  of  2.5  days  and  varying 
from  7.7  to  8.7  magnitude. 

In  No.  314  Mr.  Yendell  communicates  his  observed  maxima 
and  minima  of  seven  short  period  variables  for  1893,  316  obser- 
vations yielding  76  maxima  and  55  minima. 
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There  are  quite  a  number  of  variables  of  this  class  with  periods 
from  4  to  12  days  and  light  variations  of  about  one  magnitude. 
They  are  well  adapted  to  the  observer  who  has  a  field  glass  and 
sharp  eyes,  One  of  the  best  for  the  beginner  is  /5  Lyrae  which 
varies  from  3.4  to  4.5  magnitude  in  12.9  days.  It  is  coming  into 
good  position  for  evening  observation  and  should  be  compared 
with  the  neighboring  stars  every  clear  evening.  Another  good 
star  of  this  class  is  7149  S  Sagittae,  which  varies  from  5.6  to  6.4 
magnitude  in  8.4  days.  It  is  in  R.  A.  19^  50".6,  Decl.  +  16°  ly 
(1880).  It  is  marked  10  in  Proctor's  Atlas,  and  can  readily  be 
recognized  if  the  following  stars  are  charted— 

Star  R.  A.  Decl.       Mag.  Star       R.  A.  DecL        Mag. 


a 

19  84.7 

+  17  44 

4.8 

r  19  58.4 

+  19 

10 

8.7 

fl 

85.7 

17  12 

4.4 

18     54.6 

17 

11 

65 

6 

42.0 

18  14 

8.7 

14     68.0 

15 

42 

5.8 

c 

48.7 

18  51 

5.0 

15     58.7 

16 

45 

6.0 

s 

60.6 

16  19 

V           59.8 

19 

89 

5.4 

11 

52.8 

16  29 

68 

If  several  observers  with  field  glasses  would  practice  on  these 
two  stars  they  might  soon  be  prepared  to  do  valuable  work. 
•  In  No.  314  Mr.  Henry  M.  Parkhurst  publishes  maxima  and 
minima  and  the  individual  observations  of  16  long-period  vari- 
ables. These  observations  were  made  with  his  photometric  ap- 
pliances and  the  magnitudes  expressed  on  his  photometric  scale. 

Astronomiscbe  Nacbricbten, 

Three  interesting  articles  have  appeared  lately  concerning  the 
new  variable  T  Andromeda,  R.  A.  0*^  14~.6,  Decl.  +  26°  20'.3 
(1855),  discovered  by  Rev.  Thos.  D.  Anderson  of  Edinburgh.  In 
No.  3213  Professor  E.  C.  Pickering  gives  measures  from  the  Har- 
vard  photographs  from  1890,  Dec.  29,  to  1894,  Jan.  2.  He  de- 
duces a  period  of  281  days  with  the  photographic  magnitudes 
9.0  at  maximum  and  14.5  at  minimum  (corresponding  to  7.5 
and  13.0  on  the  visual  scale),  and  predicts  a  maximum  1894, 
March  30.  Dr.  Ernst  Hartwig  has  a  note  in  the  same  issue 
regarding  this  star,  deducing  for  it  a  period  of  74.4  days  and 
predicting  a  maximum  1894,  March  1 0.  He  differs  with  Profes- 
sor Pickering  by  giving  an  observed  magnitude  of  8.2, 1894,  Dec. 
28,  only  5  days  before  Professor  Pickering's  measure  of  12.3 
from  the  photograph,  equivalent  to  about  10.8  visual  magnitude. 

In  No.  3223  Professor  Porro  of  Turin  makes  a  contribution  to 
the  subject  by  giving  bis  observations  made  in  Dec.,  1893,  and 
Feb.  and  March,  1894.  For  1893,  Dec.  28,  be  assigns  to  the  vari- 
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able  a  magnitude  less  than  12  (visual).  He  considers  Pickering's 
period  more  probable  than  Hartwig's. 

Dr.  Chandler  suggests  as  an  explanation  of  the  discordant  esti- 
mates, that  the  star  may  be  of  the  U  Geminornm  type,  rising 
suddenly  to  a  maximum,  but  this  would  hardly  explain  the  dif- 
ference of  4  magnitudes  in  the  estimates  of  Hartwig  and  Porro 
on  the  same  night,  1893,  Dec.  28.  The  simplest  hypothesis  would 
be  that  one  or  the  other  erred  in  identifying  the  variable.  This 
emphasizes  the  caution  especially  needed  in  beginning  this  work 
— be  cArefal  of  year  ideatiBcations.  This  star  is  just  coming  out 
of  the  morning  twilight,  so  that  the  next  two  or  three  months 
will  settle  its  period.    It  has  been  observed  here  since  March  1 5. 

In  the  same  number  of  the  Nacbricbtea  Professor  Pickering 
gives  a  series  of  measures  of  7120  ;tCygni,made  with  the  photom- 
eter attached  to  the  15-inch  equatorial  at  Harvard.  The  ob- 
servations are  very  accordant,  the  average  difference  between  the 
observed  brightness  and  that  derived  from  a  smoothed  light 
curve  being  0.08  of  a  magnitude.  Professor  Pickering  also  men- 
tions the  discovery  of  six  variables  in  the  cluster  47  Tucans,  in 
R.  A.  0^  20",  Decl.  —  72^  40',  from  photographs  taken  at  Are- 
quipa,  Peru. 

Suggestions  for  Summer  Work. 

These  are  in  order  now,  as  Popular  Astronomy  is  not  published 
in  July  and  August.  The  following  stars  from  the  list  that  have 
been  charted  will  be  suitable  for  observation,  with  the  apertures 
given,  in  June.  In  many  cases  a  larger  aperture  will  be  better 
in  June  or  will  be  necessary  in  order  to  follow  the  variable  during 
July  and  August. 

Two  Incbes  Apertare.^JJ  Cephei,  S  and  T  Persd,  R  Lyncis,  S 
BoStis,  S  Draconis,  R  Aarigse,  R  T  Cygni. 

Tbree  Incbes  Aperture.--^  and  T  Ursae  Majoris,  S  and  U  Vir- 
ginis,  V  Bootis,  V  Corona?,  S  Cephei. 

Four  Incbes  Aperture.— R  Unwe  Majoris,  V  and  W  Virginis. 

Five  Incbes  Aperture. — R  Draconis,  U  Bodtis. 

Six  [Inches  Aperture.— Yi  Leonis  (?),  R  Comae,  R  Cameloparda- 
lis,  S  Cygni. 

Reports. 

Mr.  W.  Dearden  of  Trinidad,  Colo.,  has  been  watching  2816  U 
Geminorum,  since  its  maximum  in  March,  with  his  9^inch  reflec- 
tor. He  finds  it  constant  in  light,  about  4  steps  fainter  than  the 
companion  star  /  given  in  the  May  number. 
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The  expected  appearance  of  3890  W  Leonis  has  been  watched 
for  by  Mr.  Dearden  and  myself  without  success.  My  last  obser- 
Yation  was  1894,  May  7,  when  the  variable  was  not  visible,  and 
therefore  was  less  than  the  12th  magnitude. 
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The  following  variables  are  charted  this  month : 

Place  for  1900.  Red-  Magnitude.  Period 

No.  star.  R.  A.  Decl.         nets  Max.  Mln.  days. 

6838     UBo5ti8       14  49  42     +18    6.0     2.7     9.1  —  9.3     12  —  13.6     173.8 
7085     R  T  Cygni     19  40  50     +48  31.9     —  7  11  191 

R  T  Cygni  was  discovered  by  Pickering  in  1890.  Its  period  is 
not  yet  well  established.  It  will  reach  a  maximum  probably  in 
June.  It  was  about  the  9th  magnitude  May  6.  The  6th  magni- 
tude star  in  the  upper  right  hand  comer  of  the  chart  will  aid  in 
picking  up  the  field  which  is  3%®  north  of  the  3rd  magnitude 
star  d  Cygni. 

U  Bo5tis  is  placed  10^  too  far  north  on  Proctor's  Atlas,  fourth 
edition. 

The  elements  of  3890  W  Leonis  given  in  the  May  number  page 
4f6l  should  read: 

1872  Feb.  12  +  394.3  E. 

Mabengo,  hi.,  1894,  May  8. 


The  soul  of  man  was  made  to  wake  the  skies; 

Ddightfnl  outlet  of  her  prison  iiere  / 

*        *        *        * 

WhatinYolntionl  what  extent  1  what  swarms 
Of  World's  that  langh  at  Earth  I  immensely  great ! 
Immensely  distant  from  each  others  spheres ! 

YouM o's  Night  Thoughts. 
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PUkNBT  NOTES  FOR  JUI^Y  AND  AUGUST. 


H  C.  WILSON. 


Mercarj,  haTing  been  Tisible  in  the  eyening  daring  the  last  days  in  Jane,  will 
in  Jnlj  pass  between  os  and  the  San,  being  hidden  by  the  rays  of  the  latter  daring 
the  greater  part  of  the  month.  He  will  be  at  inferior  conjanction  Jalj  20  at  4^ 
28*  P.  If.  central  time.  On  Poole  Bros,  raap  in  this  namber  the  apparent  coarse 
of  Mercary  is  shown  for  the  next  fbnr  months.  He  will  be  Tisible  to  the  cjt, 
however,  only  daring  the  latter  half  of  Jane  in  the  evening  and  the  first  half  of 
Angast  in  the  morning. 

Vtnaa  is  slowly  receding  from  as  and  moving  aronnd  behind  the  San.  Her 
disc  will  be  0.76  illaminated  Jaly  1  and  0.92  AnKast  30.  Venas  will  pass  by  Jap- 
iter  on  the  morning  of  Jaly  20,  the  nearest  approach  of  the  two  planets  to  each 
other  occarring  at  aboat  2^  30"*  a.  m.  On  the  morning  of  Jaly  28  at  6^  13">  Venaii 
will  pass  very  close  to  the  third  magnitade  star/i  Geminoram,  the  difierence  of 
declination  of  the  two  bodies  at  the  time  of  conjanction  being  only  3'.  Angast  8 
at  7^  45*"  A.  M.  Venas  will  pass  9^  to  the  soath  of  another  third  magnitade  star, 
d  Geminoram.  Venas  will  be  in  conjanction  with  the  Moon  Jaly  30  at  1^  34* 
A.  M.  and  Angast  28  at  7^  23*  p.  m. 

Mars  wilT  come  into  good  position  for  observations  after  midnight  by  the 
first  of  Angast,  and  it  is  to  be  hoped  that  observers  will  begin  early  to  stady  the 
markings  on  the  snrface  of  the  planet.  It  is  not  necessary  to  have  a  great  tele- 
scope, in  order  to  see  them  to  good  advantage.  In  feuct  there  are  some  good  ob- 
servers who  believe  that  planetary  details  can  be  seen  better  with  small  than 
with  large  telescopes.  We  do  not  sabscribe  to  this  belief,  bat  do  say  that  the  dif- 
ference in  favor  of  the  large  telescope  is  not  so  great  as  to  entirely  disconrage  the 
posse^or  of  a  good  small  one  from  attempting  to  add  to  our  knowledge  of  the 
planetary  markings. 

Jupiter  and  Neptune  are  coming  aroand  as  morning  planets  bat  will  not  be  in 
good  position  for  observation  daring  the  sammer.  As  already  noted,  Jnpiter  will 
be  in  conjanction  with  Venus,  61'  north  of  the  latter,  on  the  morning  of  July  20. 
Neptune  will  be  still  closer  to  Venus,  only  9'  north.  July  11, 11*»  64"  p.  m. 

Satara  will  be  visible  in  the  early  evening  but  will  be  pretty  low  in  the  west 
by  the  time  twilight  is  over.  Saturn  and  the  Moon  will  be  in  conjanction  July  9 
at  9*»  11*  P.  M.  and  August  6,  7*»  30'"  A.  M. 

Uraoas  is  making  the  turn  of  the  loop  in  his  apparent  course  among  the  stars 
and  will  bs  almost  stationary  during  July.  In  August  he  will  move  eastward 
toward  the  star  a  Librae.  Uranus  will  be  in  conjunction  with  the  Moon  July  11 
and  August  7. 

Planet  Tables  for  July  and  AugumU 

[The  timet  given  are  local  time  for  Northfield.  To  obtain  Standard  Times  f6r  Places 
in  approxlmatelr  the  tame  latitude,  add  the  difference  between  Standard  and  Local 
Time  it  west  of  the  Standard  Ideridiaa  or  etibtract  if  east]. 

MERCURY. 
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4  27    " 

11  31.6    " 

6   36    " 
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YBNUS. 


Date.  R.  A. 

July       6 4  21^ 

15 5  11.0 

25 6  01.9 

Aug.      5 6  58.8 

15 7  50.4 

25 8  41.2 

July       5 0  35.0 

15 0  56.8 

25 1  17.1 

Aug.      5 1  37.2 

15 1  52.8 

25 2  05.1 

July       5 5  20.9 

15 5  30.4 

25 6  39.5 

Aug.      5 5  49.1 

Ifi 6  57.0 

25 6  04.4 

July      5 13  12.5 

15 13  13.6 

25 13  16.3 

Aug.      6 13  17.8 

15 13  20.5 

26 13  28.7 

July       6 14  36.2 

15 14  35.8 

26 14  35.8 

Aug.      6 14  36.2 

15 14  37.0 

25 14  38.0 

July       5 4  53.0 

15 4  54.4 

25 4  55.6 

Aug.      5 4  56  8 

15 4  57.7 

25 4  58.4 

July       5 6  59.3 

16 7  40.1 

?5 8  20.0 

Aug.      5 9  02.9 

15 9  40.8 

25 10  17.8 

July      1 5  04.7 

3 7  28.0 

6 9  38.7 

7 11  28.3 

9 13  06.9 

11 14  45.3 

13 16  30.9 

15 18  22.2 

17 20  10.8 

19 21  49.9 

21 23  20.9 


Decl. 

RlMca. 

Trantita. 

Seta. 

e   / 

h  m 

h  m 

h  m 

--19  39 

2  01  A.  M. 

9  27.0  a.m. 

4  53  A.  M. 

--21  30 
--22  26 

2  02  *' 

9  37.0  " 

5  12  •• 

2  09  " 

9  48.4  " 

5  28  •* 

--22  17 

2  23  '• 

10  02.0  " 

5  41  " 

--21  02 

2  41  ♦* 

10  14.1  " 

5  47  •• 

+  18  47 

3  04  " 
MARS. 

10  25.5  •* 

5  47  •* 

+  0  27 

11  32  P.  M. 

5  37.2  a.m. 

11  42  a.m. 

-  2   34 

11  06  " 

5  19.5  '• 

11  38  " 

--  4  28 

10  40  " 

5  00  6  •* 

11  21  •' 

--  6  18 

10  09  " 

4  37.4  •* 

11  06  " 

--  7  40 

9  40  " 

4  13.6  " 

10  47  " 

+  8  44 

9  08  " 
JUPITBR. 

3  46.6  " 

10  26  •• 

-  -  22  43 

-  -  22  52 

2  45  A.  M. 

10  26.2  a.m. 

6  07  p.m. 

2  16  '' 

9  56.4  '* 

5  38  " 

-n22  58 

1  44  " 

9  26.2  •' 

5  08  " 

-  -  23  02 

1  10  " 

8  52.4  •* 

4  35  " 

--23  04 

12  38  " 

8  21.1  " 

4  04  " 

+  23  04 

12  06  *• 
SATURN. 

7  49.2  " 

3  32  ** 

r-  4  57 

12  33  p.  M. 

6  16  5  P.  M. 

12  OOmidn 

-  5  07 

11  55  A.  M- 

5  38.3  •' 

11  22  p.m. 

-  5  20 

11  18  " 

5  00.8  •* 

10  43  " 

-  5  37 

10  39  •* 

4  20.0  '' 

10  01  ♦• 

-  5  57 

10  04  " 

3  43.4  •* 

9  23  " 

-  6  18 

9  29  •* 

URANUS. 

3  07.3  " 

8  46  " 

-14  52 

2  37  P.  M. 

7  40  0  p.  M. 

12  43  A.  M. 

-14  51 

1  57  *• 

7  00.4  •• 

12  04  " 

-14  51 

1  18  " 

6  21.1  " 

11  24  p.m. 

-14  54 

12  36  *• 

5  38.4  " 

10  41  •' 

-14  58 

11  57  a.m. 

4  59.7  " 

10  02  " 

-15  03 

11  19  *' 
NEPTUNB. 

4  21.5  " 

9  24  " 

--21  06 

2  26  A.  M. 

9  58.5  a.m. 

5  31  P.  M. 

--21  08 
--21  10 

1  47  " 

9  20.6  " 

4  54  " 

1  09  " 

8  42.5  " 

4  16  *• 

--21  11 

12  27  *• 

8  00.6  " 

3  34  " 

--21  12 

11  49  P.  M. 

7  21.9  " 

2  55  " 

+  21  13 

11  10  ** 
THB  SUN. 

6  43  3  " 

2  17  " 

+  22  45 

4  21  A.  M. 

12  04.4  p.m. 

7  48  P.  M. 

+  21  28 
+  19   34 

4  30  " 

12  06.7  •' 

7  42  •* 

4  40  " 

12  06.3  " 

7  33  '• 

--16  51 
--13  55 

4  52  •* 

12  05  8  •• 

7  20  " 

5  04  " 

12  04.2  " 

7  04  •* 

+  10  36 

5  15  " 
THB  MOON. 

12  01.9  " 

6  49  " 

--27  39 

2  06  a.m. 

10  25.8  A.  M. 

6  56  p.m. 

--26  49 

4  15  " 

12  40.9  p.m. 

8  55  '• 

-  - 17  45 

7  05  " 

2  43.4  •' 

10  04  " 

--  4  43 

9  47  ** 

4  24.9  " 

10  48  *• 

-  8  26 

12  13  p.m. 

5  55.2  " 

11  25  " 

-19  25 

2  33  " 

7.25.6  " 

12  08  a.m. 

-26  31 

4  50  " 

9  03.0  " 

1  11  '• 

-28  23 

6  47  " 

10  46.1  '• 

2  46  " 

-24  42 

8  09  " 

12  26.5  a.m. 

4  50  " 

-16  32 

9  02  " 

1  57.5  " 

7  04  " 

-  5  34 

9  39  " 

3  20.4  " 

9  14  •* 
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THB  MOON. 

Date.        R.  A. 

Ded. 

Rises. 

Transits. 

Sets. 

h      m 

•      f 

h     m 

h      in 

h     m 

July     28. 0  51.4 

+    6  86 

10  18  p.m. 

4  42.8  A.  M. 

11  27  a.m. 

25 2  81.6 

+  18  15 
+  26  40 

10  63    " 

6  14.8     " 

1  58  p.m. 

27......  4  81.7 

11  66    " 

8  06.9    " 

4  80    " 

80 6  51.2 

+  27  59 
+  20  86 

1  54  a.m. 

10  18.0    " 

6  49    ** 

Attg.      1 9  06.7 

4  83    ** 

12  26.7  p.m. 

8  01    " 

8......11  08.8 

+    7  47 

7  22    •• 

2  14.2    " 

8  49    " 

5 12  46.8 

-    6  04 

9  56    " 

3  49.0    " 

9  29    " 

7 14  27.1 

-17  64 

12  22  p.m. 

5  21.2    " 

10  11    " 

9 16  12.6 

-25  52 

2  42    " 

6  68  6    " 

11  10    " 

11 18-  03.8 

-28  36 

4  43    " 

8  41.7    •• 

12  40  A.  M. 

13 19  58.5 

-25  42 

6  11    " 

10  23.1    " 

2  41    " 

15 21  34.3 

-18  04 

7  07    " 

11  65.9    •* 

4  64    " 

17 23  06.8 

-    7  09 

7  46    " 

1  20.2  a.m. 

7  07    " 

19 0  86.9 

+    4  52 

8  20    " 

2  42  2    ** 

9  19    " 

21......  2  18.8 

+  16  40 

8  57    " 

4  11.0    " 

11  41    " 

28 4  07.2 

--25  40 
- -  28  86 

9  52    •* 

6  66.3    " 

2  13  P.  M. 

25 6  19.6 

11  29    " 

8  00.3    " 

4  29    " 

28 8  84.9 

+  23  11 

2  02  a.m. 

10  07.4    " 

5  67    " 

30 10  35.3 

+  11  18 

4  52    •' 

12  00  0    M. 

6  50    " 

Phases  and  Aapeoto  of  the  Moon. 

Central  Time. 

d        h   m 

New  Moon 

Jaly     2     11  45 
"8       7  40 

P.  M. 

Perigee 



................. 

A.  M. 

Pirtt  Oaarter..., 

"       9       4  16 

P.  M. 

Apogee 

...... 

"    17       8  30 

A.  M. 

Pall  Moon 

"17       4  08 
"    26       8  07 

P.  M. 

Lffist  Oaarter.... 

P.  M. 

X  CI  IMCC»»»«>»*»>#»»## 

••••••••••••••••• 

..••< 

'4 

"81       6  06 

P.  M. 

New  Moon 

M..I 

Aog.    1       6  24 

A.  M. 

Pint  Oaarter.... 

**      8       4  06 

A.  M. 

Apogee 



"     13       1  30 

P.  M. 

Pall  Moon 

"     16       7  17 
"23     11  40 

A.  M. 

Last  Qaarter.... 

P.  M. 

Perigee../ 

"    29     12  86 

A.  M. 

New  Moon........ 

"30       2  04 
lahington. 

P.  M. 

Oconltatioiui  YUiible  at  Wi 

IMMBR8ION 

BMBR8ION 

Date               Star's 
1894               Name. 

Manl- 
tnde. 

Washing-   Analc      Washing-  Angle 

ton  M.  T.  rm  N  p't.  ton  M.  T.  ft  N  p't.  Duration. 

h 

m          o 

h     m           • 

h     m 

ToIy    9    58  Virffinis 

7 

10 
12 

29       100 
58       111 

11    80       812 
14    00       209 

1    01 

16    B.  A.  Cf.  6628. 

6 

1    02 

18    ;r  Capricomi... 

5H 

14 

58         67 

16    14       227 

1    16 

20    B.  A.  C.  7835. 

6 

7 

29         50 

8    24       270 

0    55 

23    B.  A.  C.  221... 

A 

11 
10 
14 

34         15 
14         67 
07         59 

12    20       279 
11    00       252 
15    08       246 

0    46 

26    C  ArietiH. 

g 

0    46 

26    B.  A.  C.  1055. 

...   .....  1 

1    01 

27    X  Taari 

6 

18 

8 

38         86 
42         30 

14   16       284 
9   47       300 

0   43 

Aag.l8    00  Sagittarii.... 

5 

1    06 

13    A  Sagittarii..... 

>...... ..o 

10 

44         61 

12    12       262 

1    28 

16    50  AqoariL..... 

6 

11 

25         60 

12    51       228 

1    26 

18    20  Pisdam , 

.........o 

8 

14         29 

9    07       272 

0   63 

26   47  Geminonmi 

1........0 

12 

04         97 

12    49       263 

0    45 
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Elongations  of  the  Satellites  of  Uranus. 

[The  diagram  shows  the  apparent  paths  of  the  satellites  of  Uranus  durinflr  the  summer 
of  1804.  The  black  dots  with  the  n  a  merals  Indicate  the  positions  of  the  satellites  at  in- 
terrals  of  1  day  after  each  northern  elongfation  The  points  marked  0  are  those  of  north- 
ern elongation  ] 

ARIEL. 


July      2 

5 

7 

10 

Id 

16 
18 
20 
23 
26 
28 
30 
Aug.     2 


h 
10.7  P.  M. 

11.2  A.  M. 

11.7  p.m. 
12  2  p.m. 
12.7  A.  M. 

1.2  p.m. 

1.6  A.  m. 

2.1  P  M. 

2.6  A.  M. 

3.1  p.  M. 

3.6  A.  M. 

4.1  p.  M. 

4.6  A.  M. 


Jtiiy 


Aug. 


July 


-Aug. 


UMBRIEL. 
h 

1.7  A.  M. 

4.3    " 

7.8  •• 
11.3    *' 

2.8  p.  M. 
6.3    " 
98    " 
1.2  A.  M. 


6 

9 
13 
17 
21 
25 
29 

3 

TITANIA. 


2 
7 
11 
16 
20 
24 
28 
2 


h 
6.7  P.  M. 
3.2  A.  M. 
11.7    " 
8.2  P.  M. 
4.6  A.  M. 

1.1  P.M. 

9.6    " 

6  1  A.  M. 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 


N 
N 
N 
N 
N 
N 
N 
N 


S 
N 
S 
N 
S 
N 
S 
N 


OBERON. 


Jtily 


7 
13 
20 


h 
12.4  A.  M. 
6.9  P.  M. 

11.6  A.  M. 


N 
S 

N 


July 
Aug, 


OBERON,  CoNT. 
h 
5.0  A.  M. 

10.6  P.  M. 


27 
3 


S 
N 


Minima  of  Variable  Stars  of  the  Alg^ol  Type* 

[Oiren  to  the  nearest  hour  in  Central  Standard  Time.] 


U  CEPHEI. 

Alternate  Minima. 

h 

July     5 

10  P.  M. 

10 

10     •' 

16 

9     '' 

20 

9     " 

26 

9     " 

30 

8     " 

^ng.      4 

8     ♦* 

9 

8     " 

14 

7     " 

19 

7     " 

24 

7     " 

29 

6     " 

ALGOL. 


Aug. 


Alternate  Minima. 

h 

ly     4 

2  P.M. 

10 

8  A.  M. 

16 

2  a.m. 

21 

7  p.m. 

27 

1    " 

?.      2 

6  a.m. 

7 

12  midn. 

13 

6  p.m. 

19 

11  A.  M. 

26 

6    " 

30 

11  p.  M. 

Jaly 


Aug. 


X  TAURI. 

Altemi 

ute  Minima. 

h 

2 

4  a.m. 

10 

2     •* 

17 

12  midn, 

25 

9  p.m. 

\      2 

7     " 

10 

6     " 

18 

2     " 

26 

12    M. 
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a  JABBJB. 

Alternate  Minima, 
h 
July       2  2  P.  M. 

7  6  A.  M. 
11  9  P.  M. 
16    1  " 

21  4  A.  Iff. 

26  8  P.  M. 
30   12  M. 

Aug.   4    4  A.  M. 

8  7  P.  M. 

13    11  A.  M. 

18    3  '* 

22  6  P.  M. 

27  10  A.  If. 

U  COROHJB. 
Alternate  Minima. 
Jtily       2         9  p.  M. 

9  7    " 
16         4    •• 

23  2    " 
30       12    M. 


U  CORONA  Coot. 

(Alternate  Minima.) 
ta 

Atlg.      6  0  A.  Iff. 

13  7     " 

20  6    " 

27  3     " 

U  OPHIUCHI. 
(Brery  fourth  Minimum) 

July       1         4  P.  Iff. 

6  1  A.  Aff. 
8         9  P.  M. 

11  6    " 

16  2  a.m. 

18  11     " 

2L  7  p.m. 

26  4  A.  M. 

28  12  m. 
31  9  p.  M. 

Aug.      4         6  a.m. 

7  2  p.  M. 
10       11     " 


U  OPHIUCHI  CoNT. 
(Bvery  fourth  minimum) 
h 
Aug.    14  7  A.  M. 

17  4  p.  M. 
20       12  midn. 
24         9  A.  M. 
27         6  P.  M. 
31          2  A.  M. 

Y  CYGNI. 
(Bvery  fourth  minimum.) 
July      6        11  A.  M. 
12        10     " 

18  10  " 
24  10  " 
30       10     '• 

Aug.      6  10  " 

11  10  " 

17  9  " 

23  9  " 

29  9  •• 


Maxima  and  Minima  of  Variable  Stars. 

[Prom  ephemerldes  by  Dr.  Loewy  in  the  "Companion  to  the  Obterratory/'  and  by  Dr. 
Hartwig  in  the  *'  Vierte^ahrMchrilt  der  Astronomitche  GeMllTChaft".] 


Maxima 


Maxima 

July  1   X  Capricomi 
2   RCorvi 
2   RBo5tt8 
2  RPeraei 

2  R  Geminorum 

3  UCassiopeise 

3  SScorpii 

4  R  Aquarii 
4  UBoOtis 

6   SSagittarii 
10  R  Corns 
10  RSculptoris 
18   RSagittarii 
24  R«  Librae 

26  SVulpeculae 

27  R  Leonis  Mtnoris 

27  YViiginis 

28  ZScorph 

29  RDdphini 

30  RScorpii 
30  VCcti 

Aug.l  U  Monocerotis 

2  W  Cygni 

3  SHerculis 

4  RLvrae 

6   Z  Vfr^nis 
6   THydrae 


COMET  NOTES. 

Denning^fl  Comet  a  1894.— Our  last  observation  of  this  comet  was  ob- 
taiued  on  the  night  of  May  3.  It  was  then  exceedingly  faint,  and  will  probably 
not  be  Yisible.  even  in  the  lai-gest  telescopes,  in  June. 


ig.7   RVulpecnke 
7  RCcti 

July  1 

7  Y  Librae 

5 

8  RUrsaeMajoris 

10 

8  RPegasi 

11 

9   S  Ursae  Majoris  . 

14 

10   RCaripi 

14 

11    U  Geminorum 

19 

11   RVit^inis 

20 

13   RArietis 

25 

13   RLacertae 

26 

13   U.  Librae 

30 

14  T  Libra 

30 

14  SOphinchi 

31 

16   RScuti 

31 

15   SArietis 

Aug.  2 

16   SCephei 

5 

16   RSagitt« 

6 

17   T  Drsae  Mnjoris 

7 

17  Rf'egasi 

16 

18  UCeti 

22 

19  VTauri 

29 

26   TCephei 

28   S  Cygni 

29   WScorpii 

30   L*  Puppis 

30   U  Aquarii 

30   VCeti 

Minima 

T  Capricomi 

L*  Puppis 

S  Canni 

R  Centauri 

RScuti 

RArietis 

U  Monocerotis 

R  Ciincri 

RLyrae 

SCeti 

W  Capricomi 

U  Virginis 

V  Cygni 

WTauri 

R  Sagittae 

S  Aquilae 

X  BoOtis 

S  Canis  Minoris 

S  Delphini 

T  Herculis 

R  Leporis 

U  Monocerotis 
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Gale's  Comet  b  1894>.— This  comet  which  we  reported  last  month  as  too 
far  south  for  obsenratton  ia  our  latitude  has  come  rapidly  north  and  is  now 
almost  oat  of  view  from  the  place  of  discovery.  The  orbit  is  almost  perpendicn- 
lar  to  that  of  the  Earth,  so  that  it  is  probably  i^ot  a  periodic  comet,  and  the 
parabolic  elements  last  received  appear  to  represent  the  observations  fairly  well. 
Mr.  Bllery,  Government  Astronomer,  at  Melboame,  Australia,  has  telegraphed 
the  following  elements: 

T    =189*  April  13.75  Greenwich  ic.  T. 

00  =324*>ld') 

Q    =  206   15  h89-t.O 

1  =    87   15  J 
q   =0.9849 


From  these  elements  we  have  calculated  the  ephemeris, given  in  another  place, 
and  have  indicated  the  course  of  the  comet  on  Poole  Bros.*  map  for  June.  Dur- 
ing the  next  three  months  it  will  move  northeast  through  Leo,  Leo  Minor  and 
Ursa  Major  into  Canes  Venatici.  It  is  growing  rapidly  fainter  and  will  doubtless 
be  invisible  before  it  has  completed  the  course  indicated  on  the  map. 
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The  accompanying  cnt  shows  the  orbit  of  the  comet  in  relation  to  that  of  the 
Barth.  It  will  be  seen  that  the  comet  was  near  perihelion  when  discorered,  that 
it  was  rapidly  approaching  the  Barth,  that  it  passed  the  point  nearest  to  the 
latter  abont  May  1,  and  that  now  it  is  rapidly  receding. 

The  comet  was  first  seen  in  northern  latitudes  by  Mr.  Donglass  at  Lowell 
Observatory,  Flagstaff,  Arizona.  April  26.  At  Northiield  dondy  weather  pre- 
Ycnted  observations  until  May  3,  when  the  comet  was  visible  to  the  naked  eye  as 
a  bazy  star  of  the  fifth  magnitude.  No  tail  was  visible  to  the  naked  eye  or 
with  an  opera  glass,  but  wi^  the  16-inch  telescope  the  tail  could  be  traced  20^  or 
S(y  from  the  nucleus.  A  photograph  taken  with  our  6-inch  Brashear  camera  on 
May  5  with  an  exposure  of  one  hour  shows  very  faint  traces  of  a  tail  extending 
to  the  edge  of  the  plate,  a  little  over  6^.  Unfortunately  the  2H-inch  camera 
happened  to  be  provided  with  a  poor  plate  and  showed  the  merest  trace  of  a  tail 
in  the  same  time. 

Mr.  Barnard  at  Lick  Observatory  was  more  fortunate  and  succeeded  in  get- 
ting  a  very  beautiful  picture  of^he  comet  with  an  exposure  of  two  honrs  and 
twenty  minutes  on  the  night  of  May  3.  He  reports  a  second  successful  photo- 
graph, the  copy  of  which  has  not  reached  us  at  this  writing. 

This  comet  was  observed  by  Mr.  Douglas  at  the  Lowell  Observatory,  Ari- 
zona, on  April  26th,  IS^^  G.  M.  T.,  in  R.  A.  6^  50%  and  Decl.  33°  32^  south. 
He  described  it  as  of  5th  magnitude  brightness;  circular,  with  a  central  nucleus, 
and  a  diameter  approximately  four  minutes  of  arc,  and  a  narrow  tail  eight  min- 
utes long.  On  April  28th  he  found  it  of  the  fourth  magnitude,  and  from  these 
and  subsequent  observations  its  positions  showed  it  to  be  gaining  somewhat  on 
its  ephcmeris. 


Br. 
0.48 

0.29 

0.19 

0.13 

0.09 

0.07 

0.05 


Bphemeris  of  Gale's  Comet,  b  1894. 

Greenwich  Midn. 

R.  A. 

Decl. 

logr. 

log^ 

h 

m 

0 

• 

June    1 

II 

02.3 

+  38 

39 

0.1086 

9.9869 

07.9 

39 

21 

•,ii 

39 
40 

11 

'M 

40 

S6 

0.1366 

0.0694 

41 

20 

32.5 

41 

41 

36.9 

41 

59 

4I.I 

43 

14 

0.1642 

0.1369 

45.3 

43 

27 

49-4 

43 

39 

23 

53-4 

43 

49 

25 

II 

57.3 

43 

57 

0.1912 

01935 

27 

12 

01. 1 

43 

04 

29 

04.8 

10 

July     1 

08.5 

15 

12. 1 

'9 

0.2172 

0.2415 

•       5 

15.8 

22 

19.4 

H 

23.  > 

25 

26.7 

^5 

0.2418 

0.2825 

30.3 

24 

33.8 

23 

37.3 
40.8 

, 

22 

20 

0.2684 

0.3181 

21 

44.4 

18 

23 

47.9 

, 

.  16 

25 

51.4 

13 

Digitized  by 


Google 


472  Comet  Notes. 


Greenwich  Midn.       R.  A.  Decl.              lo^  r.           log  d             Br. 

h       m  •      ' 

July     27                  54.9  10           o.2S8a           0.3497           0.04 

29            12    58.4  06 

31            13    01.9  +43    02 


Gale's  Comet  in  an  Inch-and-a^half  Glass.— The  ephemeris  of  Comet 
b,  1894,  (Gale)  gave  its  place  in  the  sky  and  this  was  laid  down  upon  Kldn's 
Star  Atlas.  The  comet's  position  was  found  to  be  in  a  continuation  of  the  line 
joining  o  and  ^  Leonis,  €  being  almost  equally  distant  from  o  and  the  comet. 
About  half  past  eight  on  the  evening  of  May  ninth  a  small,  home-made  inch-and- 
a-half  telescope  was  directed  toward  that  portion  of  the  sky  and  a  nebulous 
object  was  seen  about  where  the  comet  was  expected.  A  diagram  of  the  object 
and  two  neighboring  stars  was  made,  and  at  the  end  of  forty-five  minutes  the 
object  had  changed  its  position  in  regard  to  the  stars,  thus  proving  that  it  was 
the  comet.  The  sky  was  clear  and  the  star  discoid  cie  sharply  defined.  Although 
the  Moon  was  four  days  old  and  shining  brightly  about  thirty  degrees  from  the 
comet,  yet  the  latter  was  faintly  visible  to  the  naked  eye.  In  the  telescope  the 
nucleus  appeared  as  a  somewhat  elongated  condensation  just  below  the  center. 
The  coma  was  circular  in  general  outline,  the  edges  shading  off  indistinctly  into 
the  surrounding  sky.    No  tail  was  visible. 

On  May  twelfth  another  observation  was  taken.  In  the  increased  moonlight 
the  comet  was  smaller  and  the  nucleus  not  so  definite.  Prom  the  diagrams  made 
on  these  two  evenings  the  motion  was  estimated  as  about  seven  degrees  for  the 
three  days.  Two  days  later  the  comet  was  again  seen.  On  this  evening  the  sky 
was  hazy  although  the  moonlight  was  bright.  The  comet  appeared  smaller  and 
fainter.  flora  b.  hajrphaic. 

Smith  College  Observatory,  Northampton,  Mass. 


Gale's  Comet.— Professor  B.  £.  Barnard  has  just  sent  us  two  fine  large 
positives  of  Gale's  comet  taken  respectively  May  3  and  6.  The  exposures  were 
over  two  hours.  The  long  train  is  beautifully  shown  in  each  picture.  That  of  the 
3d  shows  a  curious  bend  near  the  end,  while  that  of  the  6th  gives  a  plain  divi- 
sion of  the  tail  for  nearly  its  whole  length.  These  pictures  and  article  about  them 
by  Mr.  Barnard  will  appear  in  the  June  number  of  Astronomy  and  AstrO'Physics, 


Tenipel's  Periodic  Comet.— This  comet  was  found  very  near  the  pre- 
dicted place  on  the  morning  of  May  9  by  Mr.  Finlay  an  astronomer  at  the  Cape 
of  Good  Hope.    The  observed  position  of  the  comet  was  as  follows : 

May  8.6628  Gk.  m.  t.;  R.  A.  23>»  4^»  21M;  Decl.  —40  61'  18''.  This  gives 
as  the  corrections  to  Mr.  Schulhof 's  ephemeris  +  47'  in  R.  A.  and  — 1'.9  in  Decl ; 
remarkably  small  corrections  considering  the  £Etct  that  the  comet  has  not  been  ob- 
served since  1878.  The  comet  is  described  as  circular,  less  than  V  in  diameter, 
11  magnitude  or  fainter,  with  some  central  condensation  and  no  tail.  It  is  now 
at  its  greatest  theoretical  brightness  but  in  a  quite  unfavorable  position  for  ob- 
servation in  the  northern  hemisphere,  owing  to  the  morning  twilight  in  which  it 
must  be  observed. 
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PRACTICAI^  SUGGESTIONS. 


44.  Mr.  Parkhnrst  says  R.  Leonis  passed  mmimam  Jair.  8,  and  its  maxitnam 
is  due  Jane.  1;  bat  Kkin  gires  its  period  as  313  days,  and  Chandler  as  312  days. 
I  would  be  thankful  for  any  Hght  yon  may  ^ve  on  the  subject.  d.  p. 

Answer:  Referring  the  question  to  Mr.  Chandler  we  are  fovored  by  the  fol- 
lowing reply  :—**  By  the  elements  of  my  catalogue*the  minimum  took  place  1894 
Jan.  8  and  the  maximum  will  occur  1894,  June  1.  See  the  Bphemeris  Aatronomi* 
cml Journal  308,  pp.  172, 173." 

It  may  be  of  serrioe  to  indicate  how  any  desired  epoch  of  maximum  or  mini- 
mum of  any  star  can  be  deriyed  from  the  elements  of  the  catalogue 

I  take  this  star  as  an  example.  The  elements  of  3493  R.  Leonis  in  the  cata- 
logue are: 

M  —  m  ^  144  days. 

M  =  1767  April  21  (=  2362902  0)  -f  312.90  B  +  26  sin  (2  :  75  B  -f  318<^) 

Put  B=  160 

Then  add  to  the  principal  epoch,  or 2362902.0 

The  quantity  312.90  X  160,  or 60064.0 

Also  26.0  sin  38^  26.0  X  (+  0.616),  or +  16.4 

(Siuce2:76  X  B  =  2:76  X  160  =  440*»  =  80°) 

(and  80*»  +  318**  =  398°  =  38° ;  and  since  38°  =  0.616) 

Then  maximum,  or  M  is  1894  June  1.4  = 2412981.4 

and  since  M  —  m  = 144.0 

The  minimum  will  be  m  =  1894,  Jan.  8.4  =  2412837.4 

The  conversions  for  Julian  calendar  dates  can  be  made  by  the  little  table 
given  in  the  introduction  to  the  catalogue  before  referred  to. 

46.  Do  variable  stars  change  gradually  from  maximum  to  minimum  or  is  it 
suddenly  between  the  extremes  ?  ,  *  d.  F. 

Answer:  Stellar  lustre,  m  general,  is  afiected  by  endless  gradations  of  change. 
Long  and  short  period  fluctuations  are  in  many  CAses  well  known.  Secular  vari- 
ations are  suspected.  There  is  no  known  case  of  a  very  sudden  change  from  one 
extreme  to  another.  But  in  short  period  changes  there  are  often  fluctuations  of 
light  when  the  star  is  either  in  a  waxing  or  a  waning  phase.  Miss  A.  M.  Clerke's 
book,  The  Systems  of  the  Stars,  will  give  much  information  about  the  variable 
stars. 

46.  I  find  that  the  rising  and  setting  of  the  heavenly  bodies  as  given  in  PoPU- 
LAK  Astronomy  diiier  from  the  times  given  in  the  Conneticut  Almanac  in  some 
cases  and  in  otherR  do  not.    Please  explain.  c.  o.  h. 

Answer:  1  think  I  can  explain  the  discrepancies  which  you  have  noticed  be- 
tween our  tables  of  rising  and  setting  and  thoiie  of  the  **  Connecticut  Almanac." 
The  "Almanac"  tables  have  evidently  been  computed  for  the  longitude  and  lati- 
tude of  New  Haven.  At  least,  I  calculated  the  times  of  rising  for  the  three  cases 
which  you  cite  on  that  assumption  and  get  a  constant  diflerence  of  8"  which  is 
the  reduction  from  local  to  standard  time  at  New  Haven.  Your  latitude  and 
that  of  New  Haven  are  about  the  same,  41°  18^  while  ours  is  44°  28^  Bodies 
on  the  equator  will  rise  and  set  at  practically  the  same  local  time  at  both  places 
but  bodies  north  of  the  equator  rise  earlier  and  set  later  at  Northfield,  while 
those  south  of  the  equator  rise  later  and  set  earlier.  The  farther  from  the  equa- 
tor the  bodies  are  the  greater  the  diflerence.    I  have  a  table  from  which  I  take  the 
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following  corrections  to  redoce  local  times  of  rising  and  setting  at  Northfield  to 
those  at  Guilford : 


Corr.  to  Time  of 

Decl.  of  Planet 

Rising 

Setting 

o 

m 

tn 

0 

•     0.0 

0.0 

+     5 

+    2.2 

-    2.2 

--  10 

--    4.1 

-    4.1 

--  15 

--    66 

-    6.6 

+  20 

+    92 

-    9.2 

+  25 

+  12.3 

-  12.3 

For  south  declination  change  the  signs. 

As  near  as  I  can  determine,  Guilford  is  about  1  minute  of  time  east  of  New 
Haven  so  that  the  reduction  from  local  to  standard  time,  will  be  —  9".  The  re- 
ductions, then,  in  the  three  cases  cited  will  be: 

Sun,  May  5    Venus,  May  15   Mars,  May  15 

Local  time  of  rising  in  Lat.  44^  28'       4    44  ▲.  M.       2     5  L  ▲.  M.       1      36  ▲.  M. 
Reduction  to  Latitude  41    18       +      7    "  +       1    *•  -       5    •• 

Localtimeof  rising  in  Lat.  41^18'       4    51a.m.       2     52  a.m.       1      31a.m. 
Reduction  to  Standard  Time,  Guilford     -  0    "  -  9    **  -  9    ** 

Standard  time  of  rising,  Guilford  4    42  a.  M.       2     43  A.  m.       1      22  A.  M. 

In  computing  the  times  of  rising  of  the  planets  we  have  not  attempted  to  be 
very  exact  and  have  taken  no  account  of  their  motions,  but  the  times  are  prob- 
ably all  within  1  or  2  minutes.  H.  c.  w. 

47.  L.  H.  Ling  of  Chicago  reports  the  discovery  of  a  new  comet  in  the  con- 
stellation of  Hydra.    Is  not  this  Gale's  comet  ? 

Answer :    It  is  undoubtedly. 

48.  The  fine  photographic  view  of  the  Pleiades  in  the  May  number  of 
Astronomy  and  Astro-Physics  (also  plate  No.  24)  recalls  a  legend  which  I  have 
nowhere  read  and  have  heard  somewhere  else  than  in  Chicago,  that  at  the  time 
of  our  Savior's  birth  the  brightest  and  best  star  in  the  constellation  of  Virgo 
had  its  position  in  the  lap  of  the  Virgin,  and  that  (so  runs  the  legend)  when  the 
time  shall  arrive  for  the  second  coming  of  our  Lord,  that  the  same  shall  take  its 
position  as  a  crown  upon  the  Virgin's  head.  The  idea  is  very  pretty  and  poetical, 
and  I  ".vrite  to  ask  whether  it  receives  any  color  of  truth  from  the  annals  of  as- 
tronomical science?  H.  m.  h. 

49.  I  now  have  a  very  good  Brashear  grating  and  am  much  interested  in 
spectroscopy.  The  reversal  of  the  C  line  in  the  umbra  of  the  large  spot  now 
visible  (Feb.  23)  is  easily  seen.  I  have  also  secured  some  fairly  good  photo- 
graphs of  the  Sun  showing  the  large  group  of  spols  now  visible  with  a 
"photoheliograph"  of  my  own  make.  I  am  using  a  3-inch  Jena  glass  visual 
objective  (by  Brashear)  and  enlarging  lens  at  focus  and  secure  photographs 
about  2H*inches  in  diameter.  What  kind  of  plates  should  I  use  to  decrease  or 
avoid  halation  altogether? 

/Answer:  The  best  results  are  obtained  «t  Goodsell  Observatory  in  photo- 
graphy by  the  use  of  the  Seed  non-halation  plates.  Other  companies  also  make 
fion-halation  plates. 
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50.  In  **The  Natural  Genesis"  I  find  the  followinizr  qootation  :  When  Herod- 
otus was  in  Bgypt,  the  Egyptians  had  as  now  known,  observed  at  least  ^vt 
Sothiccjrcles  of  1,461  years.  The  priestsinformed  the  Greek  enqoirer  that  time  had 
been  reckoned  by  them  for  so  Umg  that  the  Son  had  twice  risen  where  it  then  set, 
and  t\nce  set  where  it  then  arose.  This  can  only  be  realized  as  a  fact  in  natnre  by 
means  of  two  cycles  of  precession,  or  a  period  of  5 1,736  years."  The  time  of  Her- 
odotus was  484  B.  C.  and  later. 

What  I  wish  to  ask«  is  whether  or  not  it  w  positively  known  that  the  Earth 
changes  its  inclination  in  relation  to  the  stars  simaltaneonsly  with  the  chamre  of 
the  inclination  of  its  axis  which  causes  the  precession  of  the  equinoxes.  Or  does 
the  axis  change  its  relative  position  to  the  Earth  as  well  as  to  its  orbit  ? 

H.  D.  c. 

Answer:  The  statement  preceding  this  query  contains  several  points 
which  we  have  not  space  to  allude  to  now.  It  may  be  done  latter.  We  have 
been  accustomed  to  put  the  final  query  in  a  little  different  language  although  the 
meaning  is  the  same.  Does  the  line  we  call  the  terrestrial  equator  and  the  points 
we  call  the  poles  of  the  axis  of  the  Earth  change,  or  are  they  fixed  in  position  on 
the  Earth's  surface?  The  opinion  that  the  axis  within  the  globe  is  not  in  an 
absolutely  fixed  position  with  reference  to  points  on  the  Earth's  surface  is,  I 
think,  gaining  ground  thou^rh  it  can  hardly  be  said  to  be  generally  accepted  as  a 
doctrine  of  the  terrestrial  sphere.  An  article  will  soon  be  published  setting  out 
the  nature  of  this  question,  its  mode  of  study  and  the  results  so  far  reached. 

51.  .\t  what  hour  should  one  look  for  a  star,  whose  position  is  known  in 
right  ascension  and  declination  ?  We  will  take  for  instance  Capella  whose  R.  A. 
is  5»»  8"»  and  Decl.  45**  ^2^  (Webb  1880).  Supposing  that  a  Rtrson  had  an  equa- 
torial and  had  set  his  R.  A.  and  Decl.  circles  as  above,  at  what  hour  should  he 
expect  to  find  Capella? 

Answer:  The  declination  circle  should  he  set  as  sufi^gested  whenever  the  star 
is  to  l)e  observed,  but  this  is  not  true  of  the  right  ascension  circle  (or  more  pro- 
perly the  hour  circle).  The  setting  for  this  circle  at  any  ^^iven  time  is  the  differ- 
ence between  the  star's  right  asirension  and  the  sidereal  time.  If  the  sidereal  time 
is  less  than  the  right  ascension  the  star  is  past  the  meridian,  if  greater  it  has  not 
yet  reached  the  meridian.  It  is  very  desirable  that  the  observer  should  have  a 
sidereal  clock  or  chronometer  to  aid  in  determhiing  this  setting ;  if  such  a  time- 
piece in  lacking  it  is  not  difficult  to  obtain  sidereal  time  from  mean  time  when 
certain  necessary  dnta  are  given.  The  following  table  gives  the  difference  be- 
tween mean  time  and  sidereal  time  at  noon  for  each  fifth  day  of  June,  sidereal 
time  l>eing  the  faster. 


Date 

Sid  Time  of 

Date 

Sid.  Time  of 

mean 

Noon. 

mean  Noon. 

h       m 

• 

h     m            • 

June    6 

4    56 

36.54 

June  20 

5    55       44.92 

10 

5    16 

19.33 

25 

6    15        27.71 

15 

5    36 

2.13 

30 

6    35        10.51 

Prom  this  table  it  is  evident  that  sidereal  time  gains  3">  56*.56  per  day  and 
9*.86  per  hour  on  mean  time.  It  is  thus  possible  to  calculate  the  difference  between 
mean  time  and  sidereal  time  for  any  hour  of  any  day.  To  obtain  sidereal  time 
add  this  difierence  to  local  mean  time. 

52.    Kindly  give  the  name  of  the  best  history  of  astronomy  which  is  earlier 
than  than  that  written  by  Miss  Gierke.  B.  h.  mc  l. 
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Answer:  History  of  Physical  Astronomy  from  the  earliest  aget*  to  the  middle 
of  the  I9th  century  by  Robert  Grant,  P.  R.  A.  S.  This  book  was  written  in  1852 
and  published  by  Robert  Baldwin,  Paternoster  Row.  London.  It  can  be  im- 
ported by  any  bookseller. 

63.  Can  you  refer  me  to  any  authority  where  I  may  find  the  proper  cata- 
logue number  of  the  nine  named  Pleiades  ?  r.  h.  a. 

Answer:  We  take  the  following  designationn  of  the  Pleiades  stars  from  Bes- 
scl's  list  in  "  Abhandlnngen  von  P.  W.  Bessel, "  by  Engelmann,  Leipzig.  1876.  and 
from  Heis*  "  Catalogues;  Atlas  Coelestis." 

We  have  no  means  at  hand  of  determining  when  Atlas  and  Pleione  were 
added  to  the  ancient  group. 


?!'•  Letter. 

Name. 

Plamsteed's  No. 

HeU'  No. 

Bayer's  Letter. 

'     V 

Alcyone 

25 

31 

V 

b 

Electra 

17 

24 

c 

Maia 

20 

27 

... 

d 

Merope 

23 

28 

... 

e 

Taygeta 

19 

26 

g 

f 

Atlas 

27 

36 

g 

Celoena 

16 

23 

... 

h 

Pleione 

28 

35 

... 

k 

Asterope 

21 

... 

... 

1 



22 

... 

54.  I  desire  a  book  that  will  tell  me  how  to  conntruct  and  to  use  a  small 
telescope.    Please  give  information.  w.  c.  p. 

Answer :  We  do  not  know  of  any  one  book  that  will  furnish  the  informa- 
tion asked.  In  regard  to  the  care  and  use  of  telescopes  a  book  called  The  Ama- 
teur Telescopisc's  Hand-book  by  Frank  M.  Gibson  and  published  by  Messrs.  Long- 
mans, Green  &  Co.,  15  East  Sixteenth  St..  Mew  York  City  is  just  out  and  would 
give  some  of  the  information  wanted.  A  brief  notice  of  the  book  was  given  in 
our  last  issue. 


GENBRAL  NOTES. 


Attention  is  called  particularly  to  the  publisher's  notices  at  the  end  of  this 
numlier. 


We  are  not  satisfied  with  the  illustration  that  we  have  been  able  to  give  so 
far.  It  has  been  good  in  kind  generally,  but  we  want  to  give  more  of  it.  We  can 
and  will  do  this  if  our  subscription  list  for  the  coming  year  is  much  increased. 


Note  for  Be^^ners  about  Motion  in  the  Sky.—In  the  celestial  sphere 
there  is  north  and  south  but  not  east  and  west,  only  direi*tion  of  motion.  The 
bodies  which  we  watch  in  the  dome  ol  the  sky  are  moving  in  curves,  and  the  di- 
rection of  their  motion  must  be  that  of  one  of  the  two  screw  motions,  either 
with  the  hands  of  a  clock  or  against  them.  Thus,  if  in  northern  latitudes  we 
follow  the  stars  of  the  big  dipper,  they  seem  sometimes  to  be  goinic  toward  the 
east  point  and  sometimes  toward  the  west  point  of  the  horizon,  but  the  circular 
or  screw  motion  remains  always  unchanged  in  direction 

If  we  face  the  south  and  place  in  imagination  near  the  Sun.  Moon  and  planets 
a  clock  dial  with  the  **Xir'  that  is  the  zero  up  toward  the  zenith,  we  find  that 
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the  San  and  the  Moon  are  njOTing  against  the  bands  of  the  dial.  The  planets 
when  adYancing,  move  in  the  same  direction,  bnt  when  retrograding  they  go 
with  the  hands.  Since  astronomers  are  agreed  in  calling  the  apparent  annual 
motion  of  the  Snn  among  the  stars  an  eastward  motion,  we  may  conclude  that 
in  the  northern  hemisphere  connter  dock-wise  motion  is  eastward  motion  and 
dock-wise  motion  westward. 

The  Barth,  as  well  as  other  bodies  of  the  solar  system,  may  be  projected  upon 
the  celestial  sphere.  If  we  think  of  the  Barth  and  the  Snn  as  projected  at  the 
same  time,  both  these  bodies  move  eastward  among  the  stars,  even  though  at  a 
given  instant  they  are  going  in  opposite  directions  in  regard  to  the  west  point  of 
our  horizon.  These  two  motions  are  of  course  opposite  as  regards  right  and  left 
bnt  they  are  both  eastward  throughout  the  year,  since  the  screw  motion  in  both 
curves  isconttnuously  counter  dock-wise.  mart  b.  bvrd. 


Suspected  Variable  near  r  Scorpii.— Mr.  W.  B.  Sperra  of  Randolph, 
Ohio,   has  been   observing  since  January  a  star  in  the  field  with   r  Scorpii 
which  seems  to  vary.    It  can  be  identified  if  the  following  stars  are  charted : 
Star.  Co-ordinates  from  r  Mag. 


var 

—  1.8 

+    2 

s 

—  1.4 

-38 

8.6 

h 

—  2.1 

-    7 

9.6 

d 

—  36 

-    6 

66 

e 

—  28 

-17 

9.8 

f 

-34 

-19 

97 

g 

—  1.7 

+    7 

10.0 

It  seems  to  vary  with  a  short  period  between  8.6  and  9.3  magnitude.    It  is 
in  good  position  for  evening  observation,  and  will  bear  watching. 

J.  A.  PARKHURST. 


Profeeaor  Glaasenapp^a  Double-Star  Measnrea  in  1892.— The 
measures  of  double-stars  made  by  Professor  S.  Glasenapp  at  Abastuman  in  1892 
have  jnst  appeared  in  a  handsomely  printed  volume  issued  from  the  press  of  the 
Imperial  Academy  of  Sdeaces  of  St.  Petersburg.  The  observations  include  about 
six  hundred  pairs,  prindpally  from  the  Dorpat  catalogue,  each  star  bdng  ob- 
served as  a  rule  on  two  nights.  The  other  pairs  measured  are  from  the  02  and  fl 
catalogues.  The  measures  are  excellent,  and  the  stars  judidously  sdected  con- 
sidering the  aperture  of  the  equatorial. 

It  is  to  be  regretted  that  this  work  could  not  have  been  continued,  as  the  at- 
mospheric conditions  were  found  to  be  very  favorable  both  as  to  the  steadiness  of 
the  air,  and  the  number  of  working  nights.  The  devation  is  some  three  hundred 
feet  higher  than  Mt.  Hamilton,  and  in  point  of  latitude  is  much  more  favorably 
placed  for  observing  south  of  the  equator  than  any  of  the  other  Rusdan  Observa- 
tories. From  the  amount  of  work  done  in  the  comparatively  short  time  the  Ob- 
servatory was  in  active  operation,  it  is  evident  that  Professor  Glasenapp  made 
good  nse  of  his  opportunities.  Visitors  to  the  Russian  exhibit  at  the  World's 
Pair  win  recall  the  beautiful  photographs  contributed  by  Professor  Glasenapp  of 
the  picturesque  Mountain  Observatory  at  Abastuman.  s.  w.  b. 


Double  Star  Meaaitrea  Near  H  3950.— The  fieunt  pair  of  stars,  near  H 
3960,  referred  to  by  Mr.  Sprague  in  the  May  number  of  Aatronomy  and  Astro- 
'Pbymcs,  (p  417)  was  first  noted  in  the  low-power  sweeps  at  Madison  (Pab. 
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Waabbum  Obsenratorj  Vol.  II),  and  aubseqaentlj  measured  by  Comstock  in  bis 
review  of  tbose  stars  (Vol.  VI).  It  is  much  too  wide  in  distance  and  too  faint  in 
magnitudes  to  be  of  any  interest  as  a  real  double  star.  a.  w.  b. 


Small  Telescope  iirith  Spectroscope.~In  a  note  on  *'  Observations  of 
Sun-spot  Spectra  '*  published  in  the  Pebmary,  1892,  number  of  Astronomy  and 
Aatro-PbjaicSttht  attention  of  amateurs  was  called  to  the  valuable  contributions 
which  they  can  make  to  Astro-Physics  with  simple  apparatus  and  at  a  moderate 
outlay.  Some  time  ago  I  obtained  from  Mr.  J.  A.  Brashear  of  Allegheny,  Penn., 
an  excellent  2-inch  Rowland  diffraction  grating  of  14438  lines  to  the  inch,  and  the 
foUowing  description  of  its  mounting  and  the  completed  instrument  may  be  of 
service  to  some  other  amateur  with  moderate  means. 


The  illustration,  taken  from  a  photograph  by  myself,  represents  the  eye-end  of 
the  telescope  tube  with  spectroscopic  attachment  and  spectroscope  in  position, 
the  telescope  is  mounted  equatorially  vdth  slow  motion  in  R.  A.;  the  object  glass 
is  3-inches  aperture  made  of  Jena  glass;  the  tube  is  of  polished  brass  and  has 
near  the  eye  end  a  revolving  ring  or  collar  2  inches  in  length  and  about  %  inch 
thick  containing  apertures  into  which  the  brass  rods  of  the  spectroscope  are 
inserted,  also  the  necessary  adjusting  screws  for  clamping  the  rods  and  collar  to 
the  tube;  thus  the  spectroscope  may  be  rotated  around  the  optical  axis  of  tht 
tube  and  clamped  tightly  in  any  position.  This  tube  with  its  attachment  was 
designed  and  manufactured  by  Mr.  J.  A.  Brashear,  (as  was  also  the  object  glass), 
who  is  one  of  the  finest  opticians  and  instrument  makers  in  the  country.  The  grat- 
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ing  box  I  had  tttrocd  from  a  piece  of  very  hard  wood;  it  is  4^  inches  long  and  8% 
inches  diameter  on  the  ontside.  and  3%  inches  internal  measure  (this  large  size 
was  necessary  on  account  of  the  2  inch  grating;  a  smaller  grating  wonld  be  better 
on  the  same  size  telescope);  the  ends  are  removable  and  to  one  of  them  the  grating 
mounted  on  a  T  piece  is  affixed;  the  grating  or  prism  may  be  rotated  on  its  axis 
by  meant!  of  a  small  brass  button  connected  by  a  couple  of  gear  wheels.  Two 
brass  rods  21  inches  long  and  five-sixteenths  inch  diameter  are  secuirly  fastened 
by  screws  to  the  end  pieces  of  the  gratingbox,  the  distance  between  the  rods  being 
about  4  inches.  The  collimator  and  observing  telescope  are  each  about  10  inches 
long  with  object  glasses  of  one  inch  aperture  (smaller  ones  wc^uld  answer  just  as 
well  and  wonld  be  preferable  being  lighter,  but  these  were  used  as  I  had  them  on 
hand)  these  are  inserted  into  holes  accurately  bored  in  the  grating  box,  so  that 
the  angle  between  them  is  about  28  dcKrees.  A  small  frame-work  of  hard  wood 
listened  to  the  brass  rods  serves  to  hold  the  collimator  in  place,  also  the  observ- 
ing telescope  which  is  secured  to  it  by  means  of  a  brass  support. 

The  entire  instrument  is  very  quickly  and  easily  attached  to  the  telescope,  by 
simply  inserting  the  rods  into  the  apertures  in  the  collar  the  proper  distance  and 
clamping;  the  finer  adjustments  to  the  focus,  etc.,  are  made  by  rack-and-pinion 
movement  to  the  ct^llimntor  tube.  When  nil  the  necessary  adjustments  are  made, 
the  Sun*s  image  brought  accurately  to  focns  on  the  slit  plate  and  the  collimator 
and  observing  telescofjc  moved  until  the  lines  are  clear  and  sharp,— the  chromo- 
sphere lines,  reversals  in  and  near  large  sun-spots,  and  the  various  prominences 
are  very  readily  seen ;  for  viewing  the  prominences  the  great  C  line  in  the  second 
order  is  generally  used,  the  images  in  the  P  line  being  not  as  distinct. 

Solar  spectroscopy  is  indeed  a  most  interesting  and  fascinating  study  and  it 
is  hoped  the  above  short  sketch  of  the  instrument  put  together  at  moderace  ex- 
pense may  be  of  use  to  some  other  amateur  desiring  to  obtain  a  knowledge  of  the 
new  astronomy.  david  b.  uaddbn. 

Alta,  Iowa,  May  9th,  1894. 


AttrorsBy  Stin-Spots  and  Barth  Currents.— I  now  have  more  complete 
information  respecting  the  outbreak  previously  mentioned  on  Feb.  22,  23  and  25, 
and  in  regard  to  those  of  April  12-14  and  March  30th,  etc.  The  following  are 
some  of  the  points  that  may  be  of  interest : 

There  were  some  premonitions  of  an  aurora  on  Feb.  21st,  sporadic  displays 
being  reported  from  various  localities  in  this  country  and  Europe.  Magnetic  per- 
turbations and  disturbance  of  the  telegraph  lines  by  Barth  currents  be^an  to  be 
felt  on  this  date.  On  Feb.  22d  the  aurora  became  bright  near  the  Pacific  coast 
of  North  America  extending  unusually  far  south  in  California,  Arizona  and  New 
Mexico,  and  Barth  currents  affected  the  telegmph  lines  to  a  noticeable  extent 
west  of  Chicago  exclusively.  Mr.  Finn  of  the  Western  Union  Company  says  that 
he  can  find  "no  record  whatever  of  the  presence  of  Barth  currents  east  of  Chi- 
cago on  P**b.  22d."  On  Feb.  23d,  however,  both  Barth  currents  and  aurora 
appear  to  have  he^  strongest  near  the  Atlantic  coast  although  generally  felt  on 
the  North  American  continent.  On  Feb.  24th,  there  was  nothing  special  noted 
either  in  regard  to  aurora  or  Barth  currents  as  far  as  reports  are  at  hand.  But 
on  Feb.  25th  there  was  very  strone  disturbance  of  the  telegraph  circuit  extending 
northeastward  from  New  York  City,  a  distance  of  about  dix  hundred  miles,  at 
8:30  a.  M.  and  between  8:30  and  9:30  a.  m.  Reports  now  at  hand  from  Bka- 
trainenburg  in  the  Ural  mountafns,  and  from  Irkutsk,  Siberia,  in  the  northern 
hemisphere  and  from  Australia  and  Tasmania  in  the  southern  hemisphere  show 
that  there  was  a  splendid  aurora  which  seems  to  have  been  at  its  maximum  at 
the  very  time  on  Feb.  25th  at  which  the  Barth  currents  above  mentioned  were 
strongnt.  It  will  be  extremely  interesting  when  the  Greenland  observations 
come  to  hand  to  learn  whether  there  was  concentration  of  the  auroral  efiect  in 
the  direction  of  the  meridian  of  Asia  and  Australia,  it  being  possible  to  deter- 
mine this  only  bv  the  aid  of  reports  from  localities  where  observations  were  not 
hindered  by  dayfight  throughout  the  entire  twenty-four  hours.     The  relation  of 
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the  seograpbical  distribation  of  Earth  carrents  to  the  corresponding  distribution 
of  the  aorora^  and  the  concentration  of  the  aurora  particularly,  at  certain  longi- 
tudes and  latitudes  is  a  subject  that  deserves  carefDi  study.  A  notable  instance 
of  a  similar  localization  in  loneitude  to  that  above  described  appears  in  the  case 
of  the  aurora  of  April  12-14,  the  Barth  currents  accompanying  which,  however, 
did  not  disturb  the  telegraph  lines  in  such  manner  that  their  distribution  could  be 
traced  without  much  greater  care  than  it  was  possible  to  exercise  at  the  time. 
The  aurora  itself,  however,  was  a  conspicuous  display  on  the  North  American 
continent  on  the  night  of  April  12  th,  only  very  faint  and  evanescent  auroral  glows 
being  seen  on  April  t3tb  and  14th  on  this  side  of  the  Ailantic.  In  Europe,  on 
the  other  hand,  the  display  did  not  become  conspicuous  until  the  night  of  April 
14th  when  it  was  very  widely  seen. 

It  will  be  observed  that  both  in  February  and  April  there  was  a  progression 
eastward  of  the  maximum  {)hase  on  successive  nights.  It  is  possible  that  this 
may  have  been  merely  fortuitous,  it  is  a  point  however  worth  keeping  in  mind 
for  the  purpose  of  obtaining  further  evidence. 

The  great  ma|;netic  storm  aud  aurora  of  March  30th  appears  to  have  been 
more  evenly  contmuous  and  more  uniforml}'  diffused  in  lon^tude.  its  most  strik- 
ing peculiarity  being  its  forming  a  belt  whose  center  was  in  unusually  low  lati- 
tude both  in  this  country  and  Europe.  The  recurrence  of  this  atu-ora  at  the 
usual  27Vi  day  interval  on  April  26th  as  seen  at  Lyons  was  marked  by  the  rare 
phenomenon  of  the  appearance  of  streaks  resembling  ordinary  auroral  streamers 
m  shape  and  arrangement,  but  looking  like  shadows  across  the  diffused  luminous 
background  of  the  aurora.  There  were  no  streamers  of  the  usual  kind  at  the 
time,  so  that  it  could  not  have  been  the  effect  of  contrast  of  dark  spaces  interven- 
ing between  such  streamers.  I  have  read  descriptions  of  something  of  the  sort  as 
having  been  seen  in  the  Arctic  regions,  but  have  never  met  with  it  before. 

As  appears  from  the  above  descriptions  an  effort  is  being  made  to  compare  the 
records  or  Barth  currents  afi^ting  the  telegraph  lines  with  the  distribution  of 
the  aurora.  Through  the  qourtesy  of  Gen.  Bckert  president  of  the  Western  Union 
Company,  the  matter  has  been  referred  to  their  electrical  engineer,  A.  S.  Brown, 
and  such  measures  as  are  likely  to  be  most  practicable  are  bein^  taken  in  order  to 
secure  th«*  requisite  mefnoranda  for  such  purposes  of  comparison.  The  results 
already  obtained,  which  are  merely  hinted  at  rather  than  fully  described,  are  such 
as  to  stimulate  a  very  decided  interest.  u.  ▲.  ybedbr. 
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Elementary  Meteorology  by  William  Morris  Davis,  Professor  of  Physical  Geog- 
raphy m  Harvard  College.  Messrs.  Ginn  &  Company,  Boston,'  Publishers, 
1894.  pp.  856. 

Mr.  Davis  has  written  a  timelv  and  a  much-needed  book  on  the  subject  of  Me- 
teorology. The  earlier  work  bv  Professor  Loomis  and  the  recent  and  scholarly 
study  by  the  late  Professor  William  Perrel  in  some  branches  of  meteorology  have 
awakened  interest  in  this  science  and  in  some  degree,  prepared  the  way  for  a 
more  complete  treatise  on  the  elementarjjr  principles  of  the  branch  like  the  work 
now  before  us.  The  table  of  contents  is  given  in  fourteen  chapters,  each  of 
which  is  broken  into  subject  paragraphs  numbered  and  titled  m  heavy-fooed 
letters  and  figures,  making  the  text  a  useful  one  for  class  work,  and  equally  con- 
venient for  popular  reading.  An  idea  of  the  scope  of  the  book  is  obtained  read- 
ily from  the  titles  of  its  chapters,  as  follows:  Tlie  general  relations  of  the  at- 
mosphere: extent  and  arrangement  of  the  atmosphere  about  the  Earth;  the 
control  of  atmospheric  temperatures  by  the  Sun;  the  colors  of  the  sky;  the 
measurement  and  distribution  of  atmospheric  temperatures;  the  pressure  and 
circulation  of  the  atmosphere;  the  general  classification  of  the  winds;  the  mois- 
ture of  the  atmosphere;  dew,  frost  and  clouds;  cyclonic  storms  and  winds;  local 
storms;  causes  and  distribution  of  rainfall;  weather  and  climate.  Many  of  the 
chapters  are  iUustrated  either  by  cuts  of  instruments  used  in  observation,  or  to 
show  graphic  results  pertaining  to  some  features  of  the  science  that  may  be  best 
presented  in  that  way. 

Professor  Davis  has  worked  out  his  subject  matter  in  an  admirable  way.  It 
seems  to  us  that  this  would  also  be  an  excellent  reference  book  for  any  one 
whose  duty  it  is  to  teach  the  elements  of  physical  geography  for  it  will  put  into 
the  instructor's  hands  a  great  many  facts  that  wotild  aid  in  explaining  much 
hat  the  ordinary  text-book  does  not  give. 
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Byrd,  M.  E.,  First  observations  of  the  sun  and  moon 216,  262 

:  Motion  in  the  sky  (note) 476 

Questions  on  the  sky  (note) 92 

Care  of  the  telescope,  irom  Gibaon^a  handbook 412 

Celestial  motions,  a  handy  book  of  astronomy  (book  notice) 384 

Objects  for  common  telescopes  (book  notice) 384 

Phenomena,  Time  of  current— (query).... 189 

Cliandkr,  S.  C,  Maximum  and  minimum  of  R.  Leonis  (note) 473 

Chauvenet*s  practical  astronomy,  Preparation  for  the  study  of— (query) 380 

Childs,  (^eoi^e  W.,  Monument  to  R.  A.  Proctor  (note) 94 


Digitized  by 


Google 


Alphabetical  Index,  483 


Christian,  I.  B.,  Meteors  afid  stellar  scintination 414 

Clusters  and  nebulae,  L.  Swift , 369 

Star— R.  Spragne ; 407 

Comet,  Tempel's  second  periodic,  1873  II,  Epbemeris  of— for  May  and  June, 

(note) '. 422 

1889  V,  Orbits  of-H.  C.  Wilson,  161 ;  Researches  upon— (note) 89 

Holmes— (1892.  Ill)  (note) 286 

b,  1893,  II  observed  by  D.  B.  Hadden  (note),  44;  observed  by  W.  B. 
Sperra  (note) 44 

c,  1893,  (Brooks),  Oct.  16,  (notes),  143,  187,  286;  Blements  and 
ephemeris  of— for  December,  186;  Photographs  of— B.  B.  Barnard 145 

a.  1894,  (Denning)  (notes),  421,  423,469;  Parabolic  eknienUand 
ephemeris  of— 421 

b,  1894,  (Gale).  Discovery  o<— 421;  Douglass'  observation  of-471 
Blements  and  ephemeris  of— for  May  and  June,  422;  Blements  of— 
470;  Bphemeris  of— for  June  and  July,  471;  Observed  by  small  glass 
(note).  472;  Photographs  of-by  B  B.  Barnard  (note) 472 

b,  1804  (Gale),  (query) 474 

family  of  Jufnter.  W.%.  Payne 26,  62 

Newton's— J.  B.  Wood 411 

notes 44,  89, 143, 186.  286,  421, 469 

seeking,  Nebube  and— suggestions  to  amateurs,  L.  Swift 30 

Tempel's  periodic— observed  at  Cape  of  Good  Hope  (note) 472 

The  Andromedes  of  Biela*s— W.  P.  Denning 346 

Comets,  1894.  H.  C.  Wflson 229 

IfVna's  Remarkable— (book  notice) 383 

Comet's  tail  discovered  by  Holmes  (note) 421 

Comparison  Stars  for  variables  of  long  period 237,  282 

Concerted  observation  of  the  aurora,  M.  A.  Veeder 22 

Constellation  study,  by  Winslow  Upton,  I,  introductory,  1;  II,  60;  UI,  116; 

IV,  267;  Y,  308;  VI,  363;  VH.  391;  VIII,  449;  (note) 46 

Construction  of  the  spectroscope  and  the  principles  involved,  J.  B.  Keeler 9 

Crew,  Henry,  Path  of  a  ray  of  light  through  a  photographic  portrait  lens 

(note) 189 

Crusenberry,  W.  A.,  Bright  meteor  (note) 281 

Date  line— International  (note) 46 

Dawn  of  astronomy  (book  notice) 429 

Davis,  W.  M.,  Blementary  meteorology  (book  notice) 480 

Days,  Varying  length  of— in  December  and  January,  (query) 426 

Denning,  W.  P..  Discovery  of  comet  a,  1894  (note) 421 

Shooting  stars,  how  to  observe  them  and  what  they  teach  um: 

I.    General  remarks 84 

II.    Preliminaries  of  observation 67 

III.  Radiation  and  radiant  points ; 97 

IV.  The  observation  of  meteor  showers,  differences  among  them 147 

V.    Radiation  and  duration  of  meteor  showers 208 

VI.    The  August  Perseids 267 

VII.    The  shower  of  Leonids 296 

VIIL    The  Andromedes  of  Biela's  comet 346 

IX.    Fireballs 438 

Description  of  the  40-foot  telescofie  of  the  Lick  observatory  eclipse  expedi- 
tion, J,  M.  Schaeberle 72 
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Directions  in  the  sky  (note) 437 

Discovery  of  comet  a,  1894,  Denning  (note) 421 

of  a  new  comet  by  Mr.  Gale  (note) 421 

Distance  and  parallax  of  stars  (qnery) 381 

Distances  of  the  stars,  W.  W.  Payne 129 

Division  Of  work  (note) 47 

Donble-star  astronomy  (note) « 46 

How  to  find  the  orbit  of  a— by  a  graphical  method,  S.  W.  Bnmham 

243,  349 
measures  In  1892,  Professor  Glassenapp's— S.  W.  Bnmham  (note)..  477 

measures  near  H  3950,  S.  W.  Bnmham  (note) 477 

Badie,  J.  H.,  Aurora  of  March  30,  (note) 430 

Barly  Kfe  of  E.  E.  Bamard,  S.  W.  Bumham 193 

Earth,  Changes  of  axis  of— (query) 475 

Earth's  annual  motion  visualized,  E.  A.  Bowen 178 

motion  visualized,  L.  Swift  (note) 240 

way,  Apex  of— T.J.  J.  See 373 

Eclipse  expedition  of  Lick  Observatory,  Description  of  the  40^oot  telescope 

of  the— J.  M.  Schaeberle 72 

of  the  moon,  March  21, 1894,  A  partial— (note) 278 

of  the  sun,  Annular— April  5, 1894  (note) 329 

Solar— of  April  16, 1893  (query) 95 

Eclipses  for  1894.    H.  C.  WUson 227 

Elongations  of  the  satellites  of  Saturn, 

Dec.  141,  Jan.  185,  Feb.  235,  March  279,  April  331,  May  378, 

June.  418 

of  the  satellites  of  Uranus May  377,  June  419,  July  468 

Ephemeris  of  the  fifth  satellite  of  Jupiter 87 

Errata 240.  283,336 

Ether  and  gravitation,  W.  H.  S.  Monck 409 

Eye-pieces,  Difficulties  in  making  better— (query) 188 

Solid— (note) 239 

Pace  of  the  sky.  Charlotte  R.  Willard,  Sept.  38,  Oct.  83,  Nov.,  Dec.  137,  Jan. 
180,  Peb.  226. 

Paith  in  the  integrity  of  the  interstellar  medium,  De  V.  Wood 224 

Fifth  satellite  of  Jupiter,  E.  E.  Bamard 76 

Ephemeris  of— Oct.  and  Nov 87 

Fireballs,  W.  P.  Denning 438 

First  observations  of  the  sun  and  moon,  M.  E.  Byrd 216,  262 

Fixed  stars,  W.  H.  S.  Monck 1, 195,  II,  300,  III,  385 

Fleming,  M.,  Two  new  variable  stars 324 

Gale's  Comet,  See  Comet  b  1894. 

Gale,  Discovery  of  comet  by— (note) 421 

(kgenschein  or  zodiacal  counter  glow,  E.  E.  Bamard 337 

General  notes 45.  90, 144, 191,  239,  285,  336,  382,  428.  476 

Gibson,  F.  M.  The  amateur  telescofnst's  handbook  (book  notice) 431 

Oilman,  D.  C.  Jupiter's  Satellites  in  1664,  (note) 288 

Glass  for  optical  instmments,  with  special  reference  to  telescope  objectives, 

J.  A.  Brashear 221,  241,  291 

Glassenapp's  double-star  measures  in  1892  (note) 477 

Gold  medal  for  S.  \Y.  Bnmham,  (note) 286 
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Goodfdl  obaerratory  lanteni  didet  (query) 425 

Latitude  and  lon/ptude  of— (qnety) 189 

When  founded  (query) 284 

Gravitation  and  tbe  ether,  W.  H.  &  Monek 409 

(Treat  nebula  in  Orion,  H.  C.  Wilton 438 

Hadden,  D.  B.,  Meteors  (note) 89 

Obtenrations  of  Comet  b  1893  (note) 44 

Small  tektcope  with  spectroocope  (note) 478 

Hale,  Geoiige  B.  (note) 47 

Harmon,  O.  B.,  A  leMon  in  parallax 403 

Harpham  P.  B.,  Gale's  comet  (note) 472 

Hart,  W.  B.,  concerning  qnery  4  (note) 238 

Harrest  moon,  A  leMon  on— B.  A.  Bowen 32 

HeaTenlj  bodies,  D.  Kirkwood 206 

Hobnes' comet,  1892.  UI  (note) 286 

Holmes,  Discovery  of  comet's  tail  by— (note) 421 

How  to  find  the  orbit  of  a  doable  star  by  a  graphical  method.  S.  W.  Bum- 
ham 243,349 

International  date  line  (note) 46 

Interstellar  roediam,  Faith  in  the  integrity  of— De.  V.  Wood 224 

Jena  discs  (note) 286 

Jupiter  at  opposition,  a  naked-eye  stndy,  B.  A.  Bowen 133 

Naked-eye  obserTations  of  (note) 240 

Jupiter's  family  of  comets,  W.  W.  Payne 26,  62 

fifth  satellite,  B.  B.  Barnard : 76 

great  red  spot,  time  of  crossipg  central  meridian,  Nov.  and  Dec.,141; 

Jan.,  182;  Feb.,  236;  March,  276;  April 326 

satellites  in  1664  (note) 288 

satellites,  Phenomena  of— Sept.  and  Oct.  42,  Nov.  86,  Dec.  140,  Jan. 
183,  Feb.  234,  236,  March  276,  April  327. 

Keeler,  J.  B.,  Size  of  prism  for  spectroscope  with  94-inch  lenses  (note) 286 

Tbe  spectroscope  and  some  of  its  applications. 
I.  Principles  involved  in  the  construction  of  the  instrument...       9 

II.  The  wave-length  scale  and  the  solar  spectrum 102 

III.  Practical  details  relating  to  the  adjustment  and  use  of  the 

instrument 169,  200 

Kirkwood,  D.,  W.  W.  Payne 167 

Arctnrus ,248 

The  asteroids  and  their  relation  to  the  planetary  system 19 

The  heavenly  bodies < 206 

Klumpke.  Miss  D.  (note)..... 336 

Kruetst's  Elements  of  comet  b  1894,  (Gale) 422 

Lantern  slides  from  Goodsell  Observatory  (query) 426 

Leonid  shower,  W.  F.  Denning 296 

Lesson  in  parallax,  0.  B.  Harmon 403 

Lesson  on  the  harvest  moon,  B.  A.  Bowen 82 

Lick  Observatory,  B.  B.  Barnard's  work  at— S.  W.  Bnmham 441 

telescope.  Powers  and  work  of— (qnery) 424 

Life  and  work  of  B.  B.  Barnard,  S.  W.  Bumham 341 

Longitude  on  the  Sun,  Determination  oP— (query) 284 

Magnifying  power  for  star  observations  (query) 334 
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Mars,  Snow  on — (query) 283 

sarface,  Tcmiicrature  of— (query) 283 

Martin,  B.  S.  Observatory  for  amatear9  (note) 93 

Occultation  of  Antares  (note) 94 

Remarkable  sunspot  (note) 91 

Maxima  and  minima  of  Tariable  stars,  April,  333;  May,  378;  June,  419;  |u1y 

and  August 469 

Maximum  and  minimum  of  R.  Leoms,  (query) 473 

Medal  for  B.  B.  Barnard,  Arago  gold— (note) 336 

Gold— for  S.  W.  Bumham  (note) 286 

Mercury,  Transit  of— for  1894  (note) 227 

visible  to  the  naked-eye  in  February  1894  (query) ! 380 

Meteor  in  day  time  (note) 192 

notes 89,  192,281,374 

showers.  The  observation  of— differences  among  them,  W.  F.  Denning..  147 

Meteors  and  stellar  scintillation,  I.  B.  Christian 414 

November— (notes) 129 

Minima  and  maxima  of  variable  stars— Aprii  333;  May  378;  June  419;  July 

and  August 469 

Minima  of  variable  stars  of  the  Algol  type,  Sept.  and  Oct.,  41;  Not.,  88;  Dec. 
142;  fan.,  185;  Feb.,  236;  March,  280;  April,  332;  May  379;  June, 

420;  July  and  August 468 

Minimum  and  maximum  uf  R.  Leonis  (query) 473 

Minor  planets  (note) 383 

MiraCeti  (note) 431 

Monck,  W.  H.  S  ,  The  ether  and  gravitation 409 

The  fixed  stars 1, 196;  II,  300;  III,  385 

Moon,  W.  W.  Payne 1. 16;  II,  289 

Almanac  positions  of— (query) 425 

and  Sun,  first  observations  of^M.  B.  Byrd 216,  268 

A  partial  eclipse  of— March  21, 1894,  (note) 272 

Phasesandaspectsof— Sept.andOct.,43;Nov.,87;  Dec.,  139;  Jan.,  182; 
Feb.,  233;  March.  275;  April,  326;  May,  377;  June,  420;  July  and  Aug.  467 

photographs,  Poor  definition  of— (query) 239 

Study  of  the— (Tiote) 46 

Motion  in  the  sky  (note) 476 

Mt.  Blanc  Observatory  (note) 226 

Mt.  Lowe  Observatory  (note) 430 

Naked-eye  observations  of  Jupiter  (note) 240 

sunspot  (note) 144 

Nebula  in  Andromeda,  Character  of— (query) 336 

in  Orion,  L.  Swift 157 

in  Orion,  The  great— H.  C,  Wilson 433 

Nebuls  and  clusters,  L.  Swift 369 

and  comet-seeking,  suggestions  to  amateurs,  L.  Swift 30 

other  wonderful— suggestions  to  amateurs,  L.  Swift 249 

Need  of  a  free  astronomical  observatory,  F.  Armitage 273 

Newton*s  comet,  J.  B.  Wooil 411 

Objective,  Comparison  of  the  efficiency  of  the  inner  and  outer  portions  of— 

(queries) 188,238 

Objectives,  Glass  for— J.  A.  Brashcar 221,  241,  291 
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Obsenratioiit  of  meteor  showers,  differences  among  them,  W.  P.  Denning 147 

of  the  anrora,  M.  A.  Veeder 22 

of  the  Sun  and  Moon,  M.  B.  Bjrd 216,  262 

Observatories,  Heating  large— (qnery) ; 381 

Obsenratory  for  amateurs  (note) 93 

for  Boston,  A  pnbHc— (note) 287 

Mt.  Lowe— (note) 430 

on  Mt.  Blanc  (note) 226 

Occnltation  of  Antares  by  the  Moon  (note) 94 

Occnltations  for  1894 .' 227 

Tisible  at  Washington,  Sept.  and  Oct.,  43;  Nov.,  85;  Dec.,  143;  Jan., 
184;  Feb  ,233;  March,  279;  April,  333;  June,  417;  July  and  Aug..  467 

Oppontion,  Jupiter  at— a  naked  eye  study,  B.  A.  Bowen 133 

Optical  glass,  J.  A  Brashear 221,  241,  291 

Note 239 

Orbit  of  a  double  star  by  a  graphical  method,  How  to  find— S.  W.  Burn  ham 

243,  349 

Orbits  of  comet  1889  V,  H.  C.  Wilson 161 

Orion,  The  great  nebula  in— H.  C.  Wilson 433 

Parallax,  A  lesson  in— O.  B.  Harmon 403 

Parallax  and  distance  of  the  stars  (query) 381 

Parkhurst,J.  A.,  Vanable stars,  I,  125:  II,  161;  III,  212;  IV,  263;  V,316; 

VI,  368;  VII,  397;  VIII 460 

Snspected  variable  near  r  Scorpii  (note) 477 

Variable  star  observers  (note) 236 

Payne,  W.  W.,  Daniel  Kirkwood 167 

High  magnifying  power  (\jote) 334 

Jupiter's  comet  family 26,  62 

The  distances  of  the  stars 129 

The  Moon 16,289 

The  Pleiades 456 

Yerkes  telescope 176 

Peculiar  phenomena  (note) 191 

Periodic  comet  1873,  Tempel*8  second,  ephemeris  for  May  and  June 422 

observed  by  Pinlay  at  Cape  of  Good  Hope  (note) 472 

Perseids,  The  August— W.  P.  Denning 267 

Personal  sketches  (notes) 47 

Peters-Borst  star  catalogue  (note) 428 

Phases  and  aspects  of  the  Moon,  Sept.  and  Oct.,  43;  Nov.,  87;  Dec.,  139; 
Jan.,  182;  Peb.,233;  March.  275;  April  326;  May  377;  June  420; 

July  and  Aug. 467 

Phenomena  not  dependent  on  longitude  (queiy) 188 

of  Jupiter's  satellites,  Sept.  and  Oct,  42;  Nov.,  86;  Dec.,  140; 

Jan.  183;  Feb.,  234,  236;  March,  276;  Aprtt. 327 

Photograph  of  the  Pldades  and  two  asteroids,  H.  C.  Wilson 322 

Photographic  camera  for  Goodsdl  Observatory  (note) 191 

plate.  Non-halation— (query) ^ 474 

portrait  lens.  Path  of  ray  of  Hght  through— (query) 189 

Photographs  of  Brooks'  comet  (Oct.  17, 1893),  B.  B.  Barnard 146 

of  the  moon,  Poor  definition  in— (query) 239 

Photography  with  camera  and  visual  telescope  (query) 284 
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Planet  notes  and  table*  by  H.  C.  Wilson:    Sept.  and  Oct.,  39;  Nov.,  84;  Dec. 
138;  Jan.,  181;  Feb.,  232;  March,  274;  April,  324;  May.  375;  June, 

41«;  Jnly.  and  Aug 466 

Planetary  system.  The  asteroids  and  their  relation  to— D.  Kirkwood 19 

PlaneUl894 228 

Pleiades,  W.  W.  Payne..^ 466 

and  two  asteroids,  Photograph  of— H.  C.  Wilson 322 

Catalogue  ol— (query) 476 

Polaris,  obseryed  with  small  telescope  (query) 336 

Popular  Astronomy  in  Africa  (note) 94 

Porter,  J.  6.,  Elements  and  ephemeris  of  comet  c  1893  for  Dec 186 

Poole  Brothers'  Celestial  handbook  (note) 48 

Starcharts  (note) 429 

Practical  suggestions  and  queries 96, 188,  238,  283,  334, 380,  424, 473 

Proctor,  Mary,  lecturer,  (note) 90 

Richard  A.,  C.  R.  Willard  319;  monument  (note) 94 

Public  Observatory  for  Boston  (note)  287 

Publisher's  notices 48,  96,  288.  336,  384,  432,  480 

Queries  pertaining  to  astronomical  themes : 

1.  Solar  eclipse  of  April  16, 1893 96 

2.  Times  of  rising  and  setting  of  heavenly  bodies 188 

3.  Phenomena  not  dependent  on  longitude  of  place 188 

4.  Comparison  of  efficiency  of  inner  and  outer  portions  of  a  small  ob- 

jective (see  also  query  10) 188 

5.  Difficulties  in  the  way  of  better  eye-pieces 188 

6.  Paint  star  near  Tycho's  Nova 189 

7.  Latitude  and  longitude  of  Goodsell  Observatory , 189 

8«    Time  of  current  celestial  phenomena 189 

9.    Path  of  ray  through  a  photographic  portrait  lens 189 

10.  See  query  4 238 

11.  Same  as  query  4 

12.  Poor  definition  in  lunar  photographs 239 

13.  Snow  on  Mars 283 

14.  Temperature  of  Mars'  surface 283 

16.    Date  of  founding  Goodsell  Observatory 284 

16.  Maximum  brilliancy  of  Venus 284 

17.  Numerical  measure  of  Venus'  light 284 

18.  Celestial  photography  with  camera  and  visual  telescope 284 

19.  Determination  of  longitude  on  the  Sun 284 

20.  Test  objects  for  a  4-inch  glass..i 286 

21.  Size  of  prism  for  a  spectroscope  with  %-inch  lenses 286 

22.  High  magnifying  power  for  star  observations 334 

23.  Illumination  of  star  image  a  function  of  the  object-glass  (see  No.  22)  336 

24.  Observing  Polaris  with  small  telescope 336 

26.  Character  of  the  nebula  of  Andromeda 336 

26i    Preparation  for  the  study  of  Chauvenet's  practical  astronomy 380 

27.  iifercury  visible  in  Pebruary,  1894 380 

28.  Small  telescope  for  beginners 380 

29..  Heating  large  observatories 381 

30.  Same  eyepieces  on  different  telescopes 381 

31.  Objectives  in  sections 381 
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32.    Parallax  and  distance  of  stars 381 

88.    Indinatioii  of  Son's  axis  and  how  determined 881 

84.    Powers  and  work  of  the  Lick  telescope 424 

36.    Yerkes  telescope 424 

36.    HeUacal  rising  of  the  stars 424 

87.  Almanac  positions  of  the  Moon 425 

88.  Astrology  and  the  signs  of  the  zodiac 425 

89.  Direction  of  the  Snn's  rotation 425 

40.  Six-inch  telescope  and  shadows  of  Satnm's  satellites 425 

41.  Lantern  slides  from  Goodsell  Observatory 426 

42.  Varying  length  of  days  in  December  and  January 426 

48.    Velocity  of  the  axial  rotation  of  the  stars 426 

44.  lidBnimnm  and  maximnm  of  R.  Leonis 473 

45.  Change  of  variable  stars 478 

46.  Time  of  rising  and  setting  of  heavenly  bodies  dependent  on  obser- 

ver's latitude  and  longitude 478 

47.  Gale's  comet 474 

48.  Legend  pertaining  to  the  stars  in  Vitgo 474 

49.  Non-halation  plates 474 

50.  Changes  of  the  axis  of  the  Earth 475 

51.  Finding  stars  by  the  aid  of  circles 476 

52.  Early  history  of  astronomy 475 

68.    Catalogue  of  the  Pleiades 476 

54.    Construction  and  use  of  a  small  telescope 476 

Questions  on  the  sky,  M.  E.  Byrd  (note) 92 

Range  of  telescopic  power  (note) 91 

Red  spot  of  Ju[nter,  Time  of  crossing  the  central  meridian,  Nov.  and  Dec., 

141;  Jan.,  182;  Feb.,  286;  March,  275;  April 826 

Remarkable  sun-spot  (note) 91 

Researches  on  comet  1889  V 89 

Rising  and  setting  of  heavenly  bodies  dependent  on  observer's  latitude 

(query) 478 

Times  of— (query) 188 

Rotation  of  the  Sun,  Direction  of— (query) 425 

Sackett,  R.  L.,  Peculiar  phenomena  (note) 191 

Sanfbrd,  J.  C,  Brilliant  meteor  (note) 192 

Satellites  of  the  planets,  1894 280 

of  Saturn,  Elongations  of-Dec.,  141;  Jan.,  185;  Feb.,  285;  March, 
279 ;  April,  381 ;  May,  878 ;  June,  418. 

Saturn's  satellites,  Shadows  of— in  6-inch  telescope  (query) 425 

Schaeberle,  J^M.,  Description  of  the  40-foot  telescope  of  the  Lick  observatory 

eclipse  expedition 72 

Searie,  O.  M.,  Ephemeris  of  Comet  b  1894,  (Gale)  (note) 422 

Sec,  T.J.  J.,  Apex  of  the  Earth's  way 873 

Serviss,  G.  P.,  What  a  five-inch  telescope  will  show 872 

Shooting  Stars,  How  to  observe  them  and  what  they  teach  us,  W.  F.  Den- 
ning: ^ 

L    General  remarks 84 

IL    Preliminaries  of  observation ; 67 

in.    Radiation  and  radiant  points 97 

IV.    The  observation  of  meteor  showers,  differences  among  them ,  147 

y.    Radiation  and  duration  of  meteor  showers. 208 
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VI.    The  August  Perseiclt 267 

VII.    The  shower  o*  Leonids 296 

Vm.    The  Andromedes  of  Biela's  Comet 846 

IX.    Fireballs 438 

note 46 

Sky,  Questions  on  the— (note) 92 

Solarspectmm  and  the  wave-length  scale,  J.  B.  Keeler 102 

Solid  eye-piece  (note) 239 

Spectroscope  and  some  of  its  applications,  J.  B.  Keeler: 

I.    Principles  involved  in  the  construction  of  the  instrument.. 9 

II.    Wave-length  scale  and  the  solar  spectrum 102 

III.    Practical  details  relating  to  the  adjustment  and  use  of  the  instru- 
ment  169,200 

Spectroscope  and  some  of  its  applications  (note) 45 

Small  telescope  with— (note) 478 

with  %-inch  lenses,  Size  of  prism  for— (query) 286 

Sperra,  W,  B.,  Observation  of  comet  b,  1893 44 

Sprague,  R.,  Star  clusters ,  407 

Star  catalogue,  The  Feters-Borst— (note) 428 

Star  charts,  The  Poole— (note) 429 

observations,  Magnifying  power  foi^-(query) 334 

clusters,  R.  Sprague 407 

Stars,  Heliacal  rising  of— (query) 424 

Thefixed-W.  H.  S.  Monck 1, 195;  H,  300;  HI,  386 

Velocity  of  the  axial  rotation  of— (query) 426 

Stellar  scintillation  and  meteors,  I.  B.  Christian 414 

Study  of  the  Moon  (note) 45 

Suggestions  to  amateurs,  by  Lewis  Swift,  (see  amateurs). 

Sun  and  Moon,  Pirst  observations  of— M.  B.  Byrd 216,  252 

Annular  eclipse  ol^April  5,  1894  (note) 329 

The  determination  of  longitude  on— (query) 284 

Sun's  axis.  Inclination  of— cmd  how  determined  (query)..... 381 

rotation.  Direction  of— (query) 425 

Sunspots  and  aurora  of  March  30  (note) 430 

aurorse  and  Barth  currents  (note) 479 

Naked-eye— (notes) , 144,  382 

Remarkable— (note) 91,  287 

Suspected  yariable  near  r  Scorpii  (note) ^ 477 

Swift,  L.,  Mt.  Lowe  Observatory  (note) „ 430 

(note) ., 47 

Suggestions  to  amateurs: 

I.    Nebulse  and  comet-seeking .' 30 

II.    The  great  nebula  in  Andromeda Ill 

III.  The  great  nebula  in  Orion 157 

IV.  Other  wonderful  nebulae 249 

V.    Nebul«  and  clusters 369 

^Visualizing  the  Barth's  motion  (note) 240 

Telescope,  Construction  and  use  of  small— (query) 476 

for  l)^ginners  (query) 380 

Powers  and  work  of  the  Lick— (query) 424 

objectiyes,  Glass  for— J.  A.  Brashear 221,  241,  291 

objectives  in  sections  (query) 381 
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Telescope,  Small— with  spectroscope  (note) 478 

Test  objects  for  a  4-iiicta--(qiier3r) 286 

Thecare  of  the— ih>in  Oibson's  band-book 412 

What  a  6-iiich-^will  show,  G.  P.  Serriss 872 

Yerkes— W*  W.  Payne ; 176 

Yerkes-(qnery) 424 

Telescopes,  Making  and  care  of— (note) 46 

Same  eye-pieces  on  difierent— (qoety) 881 

Test  objects  for  small— 281 

Telescopic  power,  Range  of— (note) 91 

Tempd's  periodic  comet  obserred  by  Finlay,  at  Cape  of  Good  Hope  (note)...  472 
second  periodic  comet,  (1873 II),  Bphemeris  of-ior  May  and  June..  422 

Test  otjects  for  a  4-inch  glass,  (query) 285 

for  small  telescopes 281 

Testing  optical  glass  for  striae,  J.  A.  Brasbear 291 

for  the  quality  of  its  annealing,  J.  A.  Brasbear. 447 

Time  and  time-signals,  C.  R.  Willard 60 

Todd,  Mabel  L.,  Total  eclipses  of  the  Sun  (book  notice) 432 

Total  eclipses  of  the  Sun,  by  M.  L.  Todd  (book  notice) 432 

Transit  of  Mercury,  1894 227 

Turner,  H.  H.  (note) 336 

Two  new  variable  stars,  M.  Fleming 324 

Tyndall.  John  (note) 273 

Upton,  Winslow,  Constellation  study,  I,  1;  U,  50;  III,  115;  IV,  257;  V, 

308;  VI,  363;  VII,  391;  VIII 449 

Uranus,  Elongations  of  the  satellites  of— May,  377;  June,  419;  July 468 

Variable  star  maxima.  Authority  for — (note) 429 

obsenrers  (note) — ..-. • 236 

suspected  near  r  Scorpii  (note) 477 

Variable  stars,  J.  A.  Parkhurst,  I,  125:  II,  161;  DI,  212;  IV,  263;  V,  315; 

VI.  358;  VII,  397;  VIII 460 

Changes  of— (query) 473 

Maxima  and  minima  of— April,  333 ;  May,  378 ;  June,  419 ; 

July  and  Aug • 469 

(note) 91 

of  long  period,  Comparison  stars  for— 237,282 

of  the  Algol  type.  Minima  of-Sept.  and  Oct.,  41;  Nov.,  88; 
Dec,  142;  Jan.  185;  Feb.,  236;  March,  280;  April,  232; 

May,  379;  June,  420;  July  and  August 468 

Two  new— M.  Fleming 324 

Veeder,  M.  A.,  Aurorse,  sunspots  and  earth  currents  (note) 479 

Concerted  observation  of  the  aurora 22 

Sunspots  and  aurora  of  March  30  (note) 430 

Venus  by  daylight  (note) 286 

light,  Numerical  measure  of-(query) 284 

Maximum  brilliancy  of— (query) , 284 

Virgo,  Legend  pertaining  to  the  stars  in— (query) j. 474 

Visualizing  the  earth's  annual  motion,  B.  A.  Bowen 178 

the  earth's  motion  (note) » 240 

Weighing  the  planets  (note) 91 

What  a  5-inch  telescope  will  show,  G.  P.  Serviss ^^, 372 
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Witlard,  C.  R.,  Pace  of  the  sky,  Sept.,  88;  Oct,  88 ;  Not.  and  Dec,  187;  Jan. 

180;  Feb ., .. 226 

Richard  A.  Proctor 819 

Time  and  time-dgnala 60 

Wilton,  H.  C,  Astronomj  with  the  small  camera 26, 49 

November  meteors  (note) 192 

Orbits  of  comet  1889  Y 161 

Photograph  of  the  Pleiades  and  two  asteroids 322 

Planet  notes  and  tables  Sept.  and  Oct.,  39;  Nov.,  84;  Dec, 
138;  Jan.,  181;  Peb.,  232;  March,  274;  Apnl,  324;  May, 

376;  Jnne,  416;  Jnly  and  Ang 465 

(note) 47 

The  great  nebula  in  Orion 433 

Time  of  rising  and  setting  of  heavenly  bodies  dependent  on  the 

obsenrers  latitude  and  longitude  (note) 473 

Winger,  M.,  Remarkable  snnspots  (note) 287 

Wood,  De  Yolson,  Faith  in  the  integrity  of  the  interstellar  medium 224 

Wood,  J.  B.,  Newton's  comet 411 

Yerkes  tdescope,  W.  W.  Payne 176 

(query) 424 

Zodiacal  counter  glow  or  Gegenschein,  B.  B.  Barnard 337 

signs  and  astrology  (query) 425 
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